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hexadecimal 
keyboard for PCs 


For some programming applications such as writing Pascal units, you 
have to enter lots of hexadecimal numbers. Using a standard PC key- 
board for this type of work is cumbersome as the relevant number and 
letter keys (0-9 and A-F) are not grouped together. 
To make hex number entry a lot easier, the author designed an add-on 
hexadecimal keyboard which is connected to the PC’s serial port. The 
hardware is controlled by a simple program of which the full listing is 
given in this article. 


Design by D. Pfliger 
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All you have to do to be able to use the 
present keyboard is connect it to the 
RS232 port of your PC, and load a 
small driver program (HEXKEY.EXE). 
Because the Pascal source code of this 
program is printed in this article, pro- 
grammers may make any modification 
they feel necessary, and then compile 
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THE CIRCUIT 2 eli oa ese inner 
One of the aims in designing this cir- q P 
cuit was to stick to commonly available : ts 
components only, enabling anyone to se ia sy 
build the keyboard without placing g Kt ty 3 
large orders on mail-order retailers or 5 S 
visiting the local electronics shop. all — Tt pan 

The keys $1 through $16 shown in $ s§ 7 q S13 2 
the keyboard schematic, Figure 1, are = ; E is 2 
connected to diodes D1 through D48 g —"* : Tt Saag g 
in a manner that enables the key code = 36 ae a4 
to be output in 4-bit binary form on = j i 
lines Al-A4. The TCLK line is auto- a seed ¢ Bit pe 
matically activated whenever a key is 4 ( 2h 
pressed, Because the signals first a di ize 
appear in negative logic, they are i Sa Sm et oe aecars 
inverted and buffered by [C8. The hex 36 ee se Ap 
code ‘Fy’, for example, is originally ’ = 
available on the switches as value 0000, 
and ‘Oy’, as 1111. 1 Pt) eT) Mm 1 

The circuit diagram of the binary to LU LH UH) eons 
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serial converter is given separately in 
Figure 2. The keyboard output signals 
A1-A4 are applied to the bistables in 
1€2 and IC3, which latch them when 
the TCLK signal, delayed by ICI-R1- 
Cl, goes high briefly at the CLK 
inputs. At the same time, TCLK causes 
the bistable in [C4 to be cleared, and 
the clock signal for decimal counter 
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IC5 and shift register [C6 to be 
enabled. The shift register has copied 
the hexadecimal number via its six 
inputs, output Q1 of ICS is logic high, 
and the hex number appears in serial 
form at the SerOut output. Meanwhile 
IC5 keeps track of every shift opera- 
tion. When the value ‘9’ is reached, 
output Q9 goes high, resetting bistable 
IC4 again and disabling the shift reg- 
ister clock until the next key is pressed. 

Inputs P1, P2, P7 and P8 of the shift 
register are tied to ground or the pos- 
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PROGRAM HEXKEY; 
{$M 1024,0,0} 


USES DOS; 
CONST IntNumber=$1C; 


BEGIN 


END; 


PROCEDURE INITCOM; 
VAR. ComPort : Byte; 
Dummy : Byte; 


Error: Integer; 
BEGIN 


Begin 


Halt(1); 
End; 


then 
Begin 
Halt (2); 
End 
else 
Begin 


End; 


If ParamCount=0 then 


- Port [ComAdr+3] :=128; 


itive supply voltage to enable the nec- 
essary start and stop its to be gener- 
ated. The circuit works with five data- 
bits, one stop bit and no parity bit. 

The clock generator consists of a 
CMOS 4060 whose divider outputs 
supply the clock rates 1200, 4800, 9600 
and 19200 Hz. Although the driver 
program as shown here is designed to 
operate at the 19.2 kbit/s rate, it is eas- 
ily modified if you require a different 
port speed. 


CONSTRUCTION 

The circuit will not be too difficult to 
build on a small piece of stripboard or 
veroboard. If necessary, the keypad 
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Program Name: HEXKEY 


Author: Dietmar Pfluger 
Function: scans and reads a hexadecimal add-on keypad using a 
serial port. 
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* 
* 
* Program language: Turbo Pascal from 6.0 
* 
* 
* 


{$R-,S-,1I-,F-,A-,V+,B-,D~,L-} 


SERIAL_ADDR:=MEM[ $0040 :$0000+((COM_Nr-1)*2)]+ 
MEM[$0040:$0000+( (COM_Nx-1)*2)+1}]*256; 


Parameter :String[1]; 


Writeln('Call: HEXKEY <COM #>.'); 


Parameter:=ParamStr(1); 
Val(Parameter,ComPort , Error) ; 
If (ComPort=0) or (Error<>0) 


Writeln('Interface not available! ‘); 
-ComAdr:=Serial Addr (ComPort) ; 
Writeln('HexKey installed on COM ',ComPort); 


{ Actuate serial port module } 
{ for baud rate setting } 


and associated components may be 
built on a separate board. 

The switches are either ‘D6’ types 
or the more expensive (but more reli- 
able) Digitast keys from ITT/Schadow. 

The last action is to solder the ICs 
on to the board, or insert them into 
their sockets. The prototype shown in 
the introductory photograph was built 
using IC sockets with turned pins. 
The circuit is either powered by a 
mains adaptor (8-12 VDC), or the sup- 
ply voltage is ‘stolen’ from the PC, 
which will have a 12-V line available 
somewhere in the internal supply 
wiring. 

The basic connection details on the 
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{ timer interrupt, i.e. the } 
{ hex keypad is interrogated } 
{ 18.2 times per second } 
Chars: Array[0..15] of Char { characters to be produced } 
= CPT PUL ID a, OE Te Se Ft Bt te Aly Bl gC! BB PO) 
VAR OriginaliInterrupt:Pointer; 
ComAdr: Word; 
FUNCTION SERIAL ADDR(COM_Nr:Byte):Word; { Determine serial address } 
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serial link between the keyboard and 
serial port on the PC are shown in the 
second circuit diagram, near the shift 
register output. The link consists of 
two wires only, handshaking is not 
used, 


THE PROGRAM 
The Turbo Pascal source file you will 
need to be able to compile 
HEXKEY.EXE is shown in Figure 3. 
Type this listing into an ASCII word 
processor, and save it as HEXKEY.PAS. 
No attempt has been made to pro- 
duce a perfect program. No doubt the 
use of assembler code would have 
resulted in a better, more compact and 


Port [ComAdr] :=06; 
Port [ComAdr+1] :=00; 


Port (ComAdr+3] :=0; 


Dummy :=Port [ComAdr ] ; 
END; 


po gSme) 


PROCEDURE HKInterrupt; INTERRUPT; 


VAR Key: Byte; 


faster program, but my skills in this 
particular area being what they are, a 
Pascal program was the best I could 
produce! 

The program as it stands does not 
check for previous installations. I also 
attempted to actuate the driver via the 
serial port interrupt, alas, without suc- 
cess. 

{9620K18-2) 


2,S:Byte; 
BEGIN 
If Port[ComAdr+5] and $01 = 1 { Check if character received 
a then 
EP Begin 
Key:=(not Port [ComAdr] )-240; { Request character 
Z:=Ord(Chars [Key] ); { Assign ASCII code 
$:=00; { Assign scan code 
ASM. { Write character into 
{ keyb. buffer, interrupt $16 
{ sub-function 5 
MOV AH,5; { Load sub-function in 
{ AH register 
MOV CH,S; { Scan code in CH register 
MOV CL,2; { ASCII code in CL register 
INT $16; { Call interrupt $16 
End; 
End; 
INSTALLINTERRUPT; 
{ Save old interrupt 
{ Divert interrupt to its 
{ own function 


Installinterrupt; 


 Keep(0); 
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{ Initialise interface 


{ Quit program, stay resident 


{ Install interrupt procedure 


{ Baudrate LowByte, 19200 Baud } 
{ Baudrate HighByte } 
{ Baudrate LowByte HighByte } 
{ 1200 96 ; 00 } 
{ 2400 48 00 } 
{ 4800 24 00 } 
{ 9600 12: 00 } 
{ 19200 06 00 } 
{ 5 data bits, no parity } 
{ 1 stop bit } 
{ Clear receiver registers } 
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graphics cards 


The two elementary 
interfaces between 
man and computer 

are the keyboard and 
the mouse for manual 
data entry, and the 
monitor which basi- 
cally returns the com- 
puter’s response to 
our input actions. For 
an analogue periph- 
eral device like the 
monitor to visualize 
computer data, an 
adapter is required 
which converts the 
digital computer sig- 
nals into a form that 
is comprehensible by 
the display. This, 
basically, sums up 
the function of a 
graphics, or video, 
card fitted in a PC. 

Because video card 

manufacturers release 
faster and better VGA 
cards all the time, 
keeping track of mar- 
ket developments has 
become difficult if you 
want to make an 
informed choice. 


By H. Koerfer-Bernstein 


420 


A LITTLE HISTORY 


The first graphics cards to be widely 
used in combination with XT-PCs 
were the Hercules (HGC) and MDA 
cards (MDA = monochrome display 
adapter). The Hercules company, 
which is still active in this field, gave 
their name to this standard. The orig- 
inal HGC and MDA graphics cards 
supported monochrome (black-and- 
white) mode only. Odd as it may 
seem, this was not necessarily a disad- 
vantage. Graphics software and hard- 
ware being hard to get and very costly 
in those early computer days, the main 
application of a PC was word process- 
ing, for which the simple black-and- 
white displays were perfect. 

The introduction of the CGA 
(colour graphics adapter) and the EGA 
(enhanced graphics adapter) marked 
the arrival of colour on the PC screen. 
In spite of its hmited (now incredibly 
low) resolution of 320200 or 
640200 screen pixels, the CGA stan- 
dard was exploited for the first graphic 
applications and computer games. 

Resolution refers to the number of 
picture elements (pixels) that make up 
a complete image as it appears on the 
display. The number of horizontal pix- 
els is usually mentioned first. So, in the 
case of the above example, 640 x 200 
means 640 horizontal pixels by 200 ver- 
tical pixels, or a total of 128,000 pixels. 


As with today’s generation of VGA 
cards, the data fed to the monitor was 
analogue. Some older PCs you may 
come across are still capable of emu- 
lating this mode. Because of the limited 
image quality offered by the CGA, a 
new graphics adapter, the EGA, was 
rapidly accepted, offering up to 
64 colours and a screen resolution of 
640 x 320 pixels (later versions of this 
card achieved 800x600 and even 
1024x480 pixels). The EGA standard 
ruled that the data be transferred dig- 
itally to the monitor, using TTL signals. 

The graphics cards mentioned so 
far were widely used in PCs until IBM 
introduced the VGA card (video 
graphics array) for use in their PS/2 
series of computers. This system 
caused a small landslide as far as video 
cards were concerned. The first mem- 
bers of this new adapter generation 
offered a resolution of 640480 pixels, 
and were capable of displaying 
262,144 different colours. Today, it is 
fair to say that the VGA system has 
become the de-facto standard, and it is 
likely to remain so for some time to 
come. Nowadays, improved versions 
of the original WGA card achieve 
screen resolutions of up to 
1,600 1,200 pixels at = 16.7 million 
colours, provided, of course, you have 
the appropriate monitor. 

VGA cards, however, did cause 
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some problems as PC (motherboard) 
and CPU technology developed at an 
even faster pace. A special video dri- 
ver is invariably required for graphics 
cards to function at all, mainly because 
they offer different resolutions, vet 
have to run under all operating sys- 
tems. Moreover, their manufacturers 
will typically apply different chip sets. 
The difficulty in selecting the right 
video driver, or being able to obtain 
one at all from the manufacturer, are 
often unexpected sources of frustration 
with many a proud owner of a new 
video card. 


THE TECHNOLOGY 
The block diagram in Figure 1 shows 
the basic structure of a graphics card. 

At the heart of the system is a dig- 
ital-to-analogue converter, which in 
computer lingo is called the DAC or 
RAMDAC. Its function is to convert 
the (digital) computer data into red 
(R), green (G) and blue (B) compo- 
nents which enable the monitor to dis- 
play a sharp and stable colour image. 
The DAC thus forms the PC-to-moni- 
tor interface proper. 

The second main component on a 
graphics card is the video memory. Its 
first function is to act as an intermedi- 
ate storage device for the signals 
received from the bus. The size of this 
memory also determines the maxi- 
mum achievable resolution and colour 
depth that can be displayed on the 
monitor (provided, again, the monitor 
is capable of handling the picture for- 
mat and resolution). 

A simple example may be useful to 
illustrate the above condition. An 
image with a resolution of 
800600 pixels and a colour depth of 
lobits (high colour’ = mode, 
65,536 colours) requires exactly 
7,680,000 bits to be stored. Converting 
this to bytes results in 960,000 bytes. 
Consequently, this resolution is only 
possible if the video card has a mem- 
ory of 1 Mbyte. A ‘true colour’ 
(16.7 million colours) image at this res- 
olution then already requires a video 
memory capacity of 2 Mbytes 
(although strictly speaking 1.5 Mbytes 
would be sufficient). The exact relation 
between the number of displayable 
colours and the required number bits 
per pixels is shown in Table 1. 

Historically, ‘more’ RAM on a 
graphics card has always meant dou- 
bling the size: the first VGA adapters 
were equipped with 256kB. Then 
came cards with 500 kB, 1 MB, 2 MB, 
4 MB and, finally, even 8 MB of video 
RAM. Cards with 256 kB and 500 kB 
now seem to have vanished from the 
market, not including rallies and car 
boot sales, of course. The entry level 
these days seems to be 1 MB of RAM, 
although it will be wiser in many cases 
to go for 2 MB. 4 MB or 8 MB of RAM 
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should only be neces- 
sary for the profes- 
sional CAD or DTP 
user having a 21-inch 
monitor. 

Another important 
element on the video card is the video 
processor. In the old days, this chip 
used to be available on powerful and 
expensive graphics cards only. Today, 
no VGA card is sold if it does not have 
such an ‘accelerator’, while the prices 
have also dropped considerably. True, 
surplus video cards without a dedi- 
cated graphics processor are still sold 
here and there, but I would not advise 
buying one of these because any sav- 
ings you seem to make are paid back 
later as you sit in front of the monitor 
waiting for the picture to be built up. 
These accelerator modules consider- 
ably lighten the CPU load formed by 
display functions, leaving more time to 
the CPU to handle other jobs. As a 
result, a graphics accelerator can help 
to boost the overall PC performance 
considerably. 

There is another hardware-related 
measure which will also produce a 
performance boost: the use of a wider 
data bus on the graphics card. 
Although the PCI interface between 
the CPU and the graphics card has a 
width of 32 bits, this bus is internally 
widened to 64 or even 126 bits. This 


graphic 
processor 


results in a tremendous 
increase in data 
throughput between 
individual components 
on the card (graphics 
accelerator, memory 
and RAMDAC). While older cards 
used to have an internal 32-bit bus, 
this was widened to 64 bits and even 
128 bits by some manufacturers. 
Although 32-bit cards are still sold, 64- 
bit versions are now considered the 
standard. Three manufacturers, Num- 
ber Nine, Hercules and VideoLogic 
produce 128-bit video cards, and oth- 
ers will no doubt follow suit. 

However, as we will see, widening 
the data path is not the only factor 
contributing to the increased speed of 
today’s video cards. Other factors, like 
the latest DAC developments (using 
ever higher sampling frequencies) and 
the use of new chip technologies for 
the video memory have a tremendous 
effect on the performance of video 
cards. 


THE RAMDAC 


This unit, which fetches picture infor- 
mation from the video memory and 
prepares it for use by the monitor, 
ranks very high in the video building 
block hierarchy. It’s easy to see why: 
new data may not be written into the 
RAM before the RAMDAC has read 
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out the current data. In this way, the 
speed of the entire video card, and, 
consequently, that of the entire PC, is 
dependent on the conversion speed of 
the RAMDAC. The pixel rate is the 
characteristic that indicates the perfor- 
mance of the DAC. The pixel rate is 
calculated as resolution times picture 
refresh rate, plus a third of this prod- 
uct. An example: you would like a res- 
olution of 1,024%768 pixels at an 
ergonomically warranted — screen 
refresh rate of 85 Hz. This results in 
1024X768X85Hz = 66,846,720 Hz. 
This value has to be increased by 
about one third to allow for the syn- 
chronization and blanking signal over- 
head. The result is 89.146960 MHz, say, 
90 MHz. Good DACs these days 
achieve conversion rates of up to 
220 MHz. 


THE MEMORY 
ELEMENTS 


Today, there’s a confusing variety in 
chip technologies used for video 
RAMs. Until recently, the only differ- 
ences was that between DRAMs 
(dynamic random access memory, also 
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used for the PC’s main program mem- 
ory) and the faster VRAMs (video ran- 
dom access memory). Nowadays, it 
seems as if every video card manutfac- 
turer comes up with a new memory 
technology like EDO-RAM, WRAM 
(Window RAM), dual-ported RAM 
and multi-band DRAM. 

The advantage of VRAM chips over 
DRAMs is that they have separate pins 
for reading and writing picture data. 
Because of this, they are also called 
‘dual-ported’ RAMs. The separate 
input and output channels enable 
simultaneous reading and writing of 
data. By contrast, a regular DRAM can 
only do one thing at a time: accepting 
or supplying data. The data through- 
put of a video card which uses VRAMs 
is almost twice that of a card based on 
conventional DRAMs or even EDO- 
RAMs. 

The operation of WRAMs is similar 
to that of VRAMs, although they have 
to be even faster because of the higher 
clock frequencies. Matrox normally fits 
WRAMS on its video cards. 

EDO RAMs, already mis-used as an 
alibi for true level-2 cache, have buffer 
stages ahead of their outputs. These 
buffers allow EDO RAMs to fetch the 
next information while they are 
accessed. It should be clear, however, 
that the data throughput achieved 
with these chips is only marginally 


Pin Herc\MDA | CGA EGA higher than that offered by regular 
ND GND DRAMs. 
: 2 cal Red A further novelty from VideoLogic 
= GND ; GNG au” . and Hercules is called nrulti-bank 
3 NC Red Red 7 DRAM. As far as their construction is 
| 4 NC | Green Green 1 concerned, these memory chips look 
a z's very much like DRAMs. However, the 
5 NC Blue Bie 7 = sk modified technology to access the 
6 Brightness Brightness | Green 2 memory contents, coupled with syn- 
17 Signal NC Blue 2 chronous access to partly overlapping 
32-kByte memory blocks allows data 
@ Hey ON HASyrie ay = to be moved around at very high clock 
9 | VSyne V-Syne | VSyne rates, Unti] you have actually tested 
and gauged the performance of these 
Pin VGA/Colour VGA/Monochrome cards, it remains to be seen whether 
1 Red NC multi-bank DRAM is really an alterna- 
tits ; tive to VRAMs, or if the latter are still 
. Green enjes i aba : to be preferred. 
3 Blue NC 
4 INC ~ Ine “) DRIVERS 
pty ae — —— A graphics card is hardware, and 
pee ests Diagnostic eatiy splices without the appropriate 
6 Red GND “NC bits to control it. The piece of software 
7 Green GND Mono GND. that enables the card to present those 
- 2 T sas wonderful images on the monitor is 
ae: sue GN ma called the ees The function of the 
9 NC NC driver is to adapt the VGA card to dif- 
10 Syne GND Digital GND ferent operating systems (Windows, 
7 os oF te OS/2, etc.), and to provide a working 
17 =|IDO NC : F Sa aft 
i eos rr link to some special application pro- 
12 «| {D1 Digital GND grams. Consequently, you need a new 
43 ~~ | H-Sync = H-Sync —_ driver every time you wish to upgrade 
a IY Sync ae: Syne toa new operating system. The arrival 
ere of Windows 95 once again showed 
15 NC _NC how far many card manufacturers are 


behind when it comes to providing the 
appropriate drivers. There were even 
manufacturers who failed to have 
updated drivers available six months 
after the introduction of the new oper- 
ating system. In many cases, it’s a 
good idea to ask the manufacturer of 
your favourite video card where dri- 
ver updates are held, and how they 
may be obtained (mail on request, 
mailbox, ftp, Internet, etc.). Alterna- 
tively, probe other users for their prac- 
tical experience with driver updates. 


MOVING PICTURES 

The ability of a video card to actually 
produce moving images (i.e., video as 
used with TV sets) seems to be a good 
sales argument. It is questionable, 
however, if many PC users will bother 
to use this feature. After all, the VCR is 
usually available right next to the TV 
set. 

Video signals for use on PCs are 
usually supplied by the CD-ROM 
player. The format of the digitized pic- 
ture sequences is usually Microsoft AVI 
(audio video interleave) or MPEG 
(motion picture expert group). In case 
you did not know, MPEG was the 
name of a workgroup before it became 
the name of a video standard using 
compression/decompression —_ tech- 
niques. The aim is clear: today’s home 
PCs (bought and used by private indi- 
viduals) have meanwhile reached per- 
formance levels that bring video edit- 
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and picture refresh rate. 


Table 2. Relation between monitor (screen) size, resolution 


diegona: | 900d resofution | eet | ea 
14 inch 640 x 480 80 x 600 45 kHz 
| 15 inch 800 x 600 1024x768, «56 kHz 
17 inch | 1024 x 768 1280 x 1024 | 73 kHz ; 
19 inch 1200 x 1024 1600 x 1200 96 kHz 
21 inch 1600 x 1200 2000 x 1500 117 kHz 


ing within reach. Companies like FAST, 
Digital Device Development and 
Optivision already supply the neces- 
sary equipment. 

More importantly, though, movie 
suppliers seem poised to reach the PC 
user. This type of software being 
marked by huge amounts of data, 
movies on CD-ROM can only be mar- 
keted if there is a large potential of 
really fast PCs and ingenious program 
algorithms, simply because nobody 
will be satisfied with poor or irregular 
picture quality. To boost sales, many 
VGA cards are equipped with an 
MPEG decoder straight away. This 
decoder turns compressed data loaded 


from a CD-ROM into a viewable pic- 
ture on the computer monitor. On 
some cards, the MPEG decoder is 
implemented by software only, on oth- 
ers, by hardware. The upshot is that 
they enable digitized movies, video- 
CDs or CD-i disks to be played and 
produce a quality which is, well, just 
tolerable. If you need to view videos 
on your PC, be sure to ask for a 
demonstration by your supplier, and 
gauge the quality you can expect. 


NEW DEVELOPMENTS 

The latest buzz in VGA land is 3-D 
video cards, a number of which are 
now available. It would be easy to wel- 
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come the addition of the third dimen- 
sion to computer images because 
human sight naturally includes the 
perception of depth. As far as the com- 
puter is concerned, however, depth is 
only simulated. None the less, accurate 
CAD drawings with fantastic light 
effects, or games in an ‘almost real’ 
environment are impressive. Do not 
forget, however, that the technical 
effort to achieve all this presents an 
enormous technical overhead, To 
lighten the computing load of the 
main processor, special 3-D chips have 
been developed. Apart from specialists 
like 3Dlabs who offer professional as 
well as  consumer-oriented (3-D 
Blaster) products in this area, other 
well-known manufacturers of graphic 
chips have released their own 3-D chip 
(including Matrox and 53). Others 
have announced to do so (ATI and 
Tseng Labs). Particularly with PC 
games, these improvements cause new 
alliances in the fiercely competitive 
market segment called computer gam- 
ing. Diamond, for instance, has added 
an integrated interface for Sega acces- 
sories on its 3-D accelerator called 
‘Edge’. (962008-1) 


Motor Controller for R/C 
models 
(February 1997 - 960095) 


The components fist printed on 
page 18 should be amended to 
read 

C3,C5 = 100nF SMD 

C4 = 10nF— SMD 

C6 = 47uF 10V SMD 

IC2 = L4940V5 


PIC Controlled Home 
Alarm System 
(April 1997 - 970022) 


All PiCs in the first batch we 
supplied to individual readers 
and kit dealers contain an 
incorrect oscillator code word 
which totally disables the 


short note stating your name 
and return address, and ensure 
proper packaging. 


Magnetic-Field Meter 
(960700 - January 1997) 


In the circuit diagram on page 
28, Ri2 is incorrectly shown as 
@ 10kQ resistor. The correct 
value is 22 KQ 1%, as stated in 
the components list. 


4-Channel Logic 
Analyser 
(970042 - May 1997) 


speed the program can handle 
is mainly determined by the 
speed of the PC. Using a 


486DX33 the maximum input 
signal frequency will be about 
75Hz under QBASIC 7.1, or 
about 20 Hz in 4-channe! mode. 


The respective values for a Pen- 
tium 150 PC are about 250 Hz 


and 75 Hz. The use of QuickBA- 


dows 95. 


SIC 4.5 will result in values 
which are about 6 times higher. 
The program will only work ina 
true DOS environment, i.e., not 
ina DOS box produced by Win- 


Finally, to obtain a calibrated 
limebase, simply apply a clock 
signal with a known frequency 


The program shown in Figure 3 


device. These PICs are marked 
by the total absence of oscilla- 
tor activity. Readers experienc- 
ing problems are requested to 
return the faulty PIC (order 
code 976501-1) to us for a free 
replacement. Please enclose a 
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has been tested under QBASIC 
1.7 and QuickBASIC 4.5, not 
GW-BASIC as mentioned in the 
article. Because QuickBASIC is 
a compiler, it will produce a 
faster executable program than 
QBASIC, The highest signal 


7-8/97 


to one of the channels. 
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ware for electronics 


MLExpress 


A hands-on 
review 


MExpress is a mathe- 
matical program 
which is very strong 
on graph and surface 
plotting in 2D and 
3D, including ani- 
mated graphics. The 
version of it reviewed 
here is MExpress 1.1 
for Windows 3.1, 
Developers Edition. 
Versions are also 
available for Windows 
NT and Windows 95. 
The advantage of the 
Developers Edition 
over the cheaper 
Standard Edition is 
that it allows applica- 
tions to be compiled 
into free-standing 
programs, using one 
of a number of popu- 
lar C++ compilers. 


By Owen Bishop 


2 


INTRODUCTION 
MExpress has about 250 func- 
tions, including all the basic 
mathematical ones such as sine, 
log (natural and common), and 
square root. It also has a wide 
range of specialised mathemati- 
cal functions in the fields of sig- 
nal processing and_ statistical 
analysis, as well as those used for 
graphics. It has only one data 
type, the matrix, so that even a 
single variable or value is taken 
to be a 1 X 1 matrix. Matrices can 
contain integer, real, or imagi- 
nary variables or values, as well 
as text. This feature makes it 
much easier to use MExpress 
than some of the other packages 
that trip up the unwary with a multi- 
tude of data types. 

Because we are reviewing this for Elek- 
tor Electronics, we decided to concentrate 
our attention on aspects of MExpress that 
are of special application to electronics. 
And because matrices are a dominant fea- 
ture of this package, we first we set out to 
analyse the resistor network of Figure 1, 
using matrix techniques (see Reference 1). 
The three meshes of this network produce 
three simultaneous equations in which ij, 
iz and iy are the mesh currents; 

81, - Sin - Sig = 4 

3iy + iy - 3ig = 6 

3h, = Bip +e big =) 


Solving the network is a matter of solving 
these equations for the currents. The top 
half of Figure 2 illustrates how it can be 
done as an on-the-spot MExpress calcula- 
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tion, performed on the root screen. We key 
in the coefficients of the left-hand side of 
the equations as a 3X 3 matrix called a. We 
key in the values on the right-hand side as 
a3 1 matrix, or vector, called 6, 

The ' symbol after the closing bracket 
indicates that the row matrix which has 
just been entered is to be transformed into 
a column matrix. The matrix is solved 
using the function LUSolve, which calcu- 


MExpress 


File Edit Windows Help 


| a) | | [Sa] 9 


a= 48, -3, -3, 3, -3, 6, -3, *, 


bh = (4, 6, OF? 
*LUSolveta,b! 
Result = 


mts 11 and az are 


a3, “a ely 


{ Solving simultaneous equations on the root screen: 
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lates and displays the output: i;=5, 
ig =6.3333 and i3=5.6667. Values are in 
amps. This technique can be extended to 
networks with more than 3 meshes. 


PROCEDURES 

MExpress has a scripting language similar 
to BASIC, which means that users already 
familiar with BASIC will find little difficulty 
in becoming proficient in programming. 
Fortunately, the language includes provi- 
sions for functions and procedures. To try 
out this facility we wrote a short Procedure 
to analyse a 2-mesh circuit such as that in 
Figure 3. Analysis of a 3-mesh or greater 
network would just have been 'more of 
the same’. 

Figure 4 shows our Procedure, called 
Network, as typed on to the computer's 
Notepad and subsequently saved as an '.X' 
file. Incidentally, MExpress comes with a 
whole library of .X files defining the more 
complicated functions. The figure shows 
how the Procedure resembles a segment 
of an ordinary BASIC program. We begin 
with the name and a list of parameters to 
be passed. Here we shall ask for the values 
of the coefficients to be typed in on the 
root screen, so the only parameter to be 
listed is c, the matrix containing the result- 
ing currents, 

The greater part of the Procedure is 
taken up with asking the user to enter the 
data. The Procedure than places this into 
the two matrices a and b. Next, the 
LUSolve function calculates matrix c. The 
Procedure is seen in action on the bottom 
half of the screen in Figure 2. The mesh 
equations are: 


Bi, - 2) = 13 
-2iy + Bip, =8 


We take the coefficients to be x1, y1, and 
z1 for the first equation and x2, y2, and z2 
for the second. After entering the coeffi- 
cients, the displayed result shows that 
iy = 2.0009A and iy = -1.2727A. 

All we need to do is to type 'Network;' 
then key in the coefficients when asked. 
The next time we want to analyse a 
2-mesh network, we do not have to worry 
about typing the right sort of (curly) brack- 
ets or remember to type in the * which 
delimits the rows of the matrices. All we 
do is type 'Network’, key in the results 
when requested, and read the results a 
fraction of a second later. Functions and 
Procedures created in this way become 
part of the MExpress programming lan- 
guage and may be used just as easily as 
any of the functions provided in the soft- 
ware, 


BODE PLOT 

The transfer function of a low-pass single- 
stage passive KC filter at any given fre- 
quency fis Voue’Vin = L/[1+)(f/f,)], where 
j = V-1 and f, is the cut-off frequency or 
~3 dB point. In MExpress, j (as used in 
Electrical Engineering) is represented by 
the symbol i (as used in Mathematics). We 
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prepare for calculating the points by 
declaring a matrix to hold them, using 
a=Fill(1,1000,0). This fills a 1 row x 1000 
column matrix with '0' in each cell. Next 
we fill each of these cells with a value cal- 
culated from the equation. If the frequency 
is to run from 1 Hz to 1000 Hz, f.= 200 Hz, 
and the amplitude of Vj, is 5 V, we evalu- 
ate 


Vv 


= Vin/[5/(1+i* (f / 200)] 


out 


be 


ever, these are complex numbers and we 
need only the real part to obtain ampli- 
tudes, so we use a = real (a) to retain only 
the real parts. All that remains is to plot the 
values on logarithmic scales, both for fre- 
quency and V,.,;. The Bode plot is quickly 
drawn (Figure 5). It has the typical low- 
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File Edit Windows Help 

CSI ES 

or $olving alley ine west at 
File Edit Search 


Help 


xt=Input 
yt=Input 
zt-Input 
x2=Input 
y2=Input 
z2=Input 
a-{x1,y1 


Necuork; 


yi? 2 
4 End Procedure; 


y Procedure Network (c); Ey 


b-{z1,22}'; 

c-LUSolue(a,b)}; 

xl? 5 Print ("Hesh currents i1 and i2 are="); 
Display| (c); 


xq? "Ys 


ie ) 
ig! ) 
ia ; 
("x22"): 
" \: 
ta ) 
ald > 


" ‘a 
i +] I + 
22? ~a 


hesult = 
Mesh currents 11 and 12 are 
2.0909 


L.2727 
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for each cell. This is done in a loop: 


For f = 1 to 1000 do 
a(f) = 5/[1+i* (F/200)]; 
End for; 


Immediately this is typed in, matrix a is 
filled with values ready for plotting. How- 


ce ———_— 
File Edit Bookmark Help 
ents i 


Fillfen, nv: 


Exam 


File Ed 


Result 
le+G? * 

1.68 
for x= 
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Window No 1 


Figure 6. Plot of the 
transfer function of a 
single-stage passive 
high-pass filter. 


Window No 1 


Figure 7. Plot of the 
same filter as in Fig- 
ure 6, but with altered 
scales. 


Figure 8. Histogram of 
number of flowers. 


‘Window No 1 


pass shape and it can be seen that the out- 
put amplitude is 3dB below the input 
amplitude at 200 Hz. This routine, too, 
could be made into a Procedure. 

In passing, note the background in Fig- 
ure 5. The top half of the screen is occu- 
pied by the MExpress tutorial supplied as 
the ‘handbook’. In the bottom half of the 
screen is MExpress itself. This arrangement 
makes it very easy to learn how to use the 
program. Read a page of the tutorial, then 
use the bottom half of the screen to try out 
the commands. The tutorial provides a 
well-structured introduction to the pro- 
gram, with interesting and clear examples, 
including numerous graphics images 
where appropriate. It has a Contents page, 
hypertext jumps, and a helpful Search 
function. 

The tutorial covers enough ground to 
get you started in most aspects of MEx- 
press. If you want complete details of all 
the functions, you are provided with the 
MExpress Reference, which is a second 
help screen; its contents page lists all the 
functions in alphabetical order and you 
can jump from these to a page dealing, 
with individual functions, Here you find 
details of syntax and operation, complete 
with examples. The Reference can be 
accessed directly from an icon in Program 
Manager, or by clicking on ‘Help’ in the 
toolbar of MExpress. In all, MExpress pro- 
vides you with al the assistance you need 
to get your applications up and running. 


TRANSFER FUNCTIONS 
We often need to calculate these, so we 
tried to devise a way to plot them in 3D. 
‘The transfer function ff of a high-pass sin- 
gle-stage passive RC filter is given by: 


tf = Vout! Vin = 8/(s + @%p). 


In this equation, ay is the -3 dB cut-off 
angular frequency, and s = @ + iw. Here 
sis the rate at which signal amplitude is 
changing (= 0 for a constant amplitude 
signal), and « is its angular frequency. 
Thus, s is a complex number, but MExpress 
deals with complex numbers as readily as 
with real numbers. For explanations, see 
Reference 2. We worked out a Procedure 
for calculating all the values of V,,,; (given 
Vin = land #,=5) for 11 values of « rang- 
ing from 0 to 30 and 11 values of s from 


-12.5 to +12.5, filling an 11 x 11 matrix tf 


with the results. The matrix is plotted in 
3D, with the horizontal axes defining the 
s-plane and the vertical axis the magnitude 
of Vou The result (Figure 6) shows some 
interesting features. One is a dip down to 
zero at w= 0 and s = 0. This is known as 
a ‘zero’, indicating a point at which the fil- 
ter has zero output. The other more 
notable feature is the sharp peak at «=0, 
s=-10. These are the values at which the 
transfer function exhibits an infinitely large 
value — a point of instability in the net- 
work. Points such as these are known as 
‘poles’, and designers always try to make 
sure that a circuit is not required to oper- 
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ate in the region of a pole (unless the cir- 
cuit is meant to be an oscillator, perhaps!). 
Note that the horizontal coordinates are 
scaled 1 to 11, representing the indices of 
the cells of the matrix. With a little extra 
programming the co-ordinates could be 
scaled to show values of ev and ¢ instead, 
and the graph and axes can be styled and 
coloured ina variety of ways which we do 
not have space to show here. Figure 6 is 
plotted as a surface, but 3D graphs can also 
be plotted as a grid, either with or without 
hidden portions, and with all kinds of 
colour schemes. The angle of view can be 
set to obtain the clearest viewpoint. 

As it happened, the calculation at the 
pole produced 'NaN' in the corresponding 
cell of the matrix. This stands for 'Not a 
Number’, Our program tested each cell 
and if it found a 'NaN' it substituted the 
value 20 in that cell. Thus the peak in Fig- 
ure 6 is not as tall as it should be but, on 
the other hand, to make it any taller makes 
the rest of the plot too flat to show the 
zero. 

Figure 7 is another plot of the same fil- 
ter but with the scales reduced to (+3 for 
wm and —1.25 to +1.25 for s, and with 
w= 10, The pole is off this plot, but the 
zero is more clearly seen. The frequency 
(w) axis runs toward the right and the 
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right-hand edge of the surface shows the 
typical frequency response of a high-pass 
filter, 


STATISTICS 

To try out this useful set of functions we 
set up a matrix containing the numbers of 
flowers on 27 snapdragon (Antirrhinum 
majus) plants. The biggest work was typ- 
ing in the data, but after that we could 
quickly use GetMax to find the largest 
number of flowers on a plant (111), and 
GetMin to find the smallest number (28). 
The function Mean told us that the mean 
number of flowers per plant was 62.889, 
and Median showed 59 to be the median 
number of flowers. All these results were 
obtained almost instantaneously, and the 
histogram of numbers of flowers (Figure 8) 
took only a little longer. 


COMPILER 

The fourth program (provided only with 
the Professional Version) is MExpress 
Compiler. This takes an x-file such as we 
produced for the Network analysis and 
translates it into C++. It is then compiled 
into a stand-alone executable, using one of 
the compatible compilers, Symantec C+ + 
7.0, Microsoft Visual C++, or Borland 
C++ 5,0. On the way there is scope to 


shine up the program by adding message — 
screens, buttons, sliders, check-boxes and: 


radio-buttons and, in general, to creaté.a 
perfected product. We did not investigate 
the compiler, though look forward to 
using it in due course. 


SUMMARY 


We found MExpress and its auxiliary prow 


grams to be easy to understand, easy to 


use and reliable in action. So much of it is): 
intuitive to the many who are familiar 
with BASIC, that it should be first choice: 


as a maths utility. There appear to be ‘no 
‘bugs’ in it — everything worked for us ‘as 
advertised’. It is a useful piece of software 
for anyone needing to do maths quickly, 
including the electronic designer, and rep- 
resents good value for money. 

[975082-2] 
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Capacitors come in 
- many sizes, shapes 
and makes. Not many 
: audio enthusiasts 
realize how great an 
influence capacitors 
have on the sound 
quality throughout the 
whole audio chain 
from coupling capaci- 
tors to filter capaci- 
tors. This article takes 
a look at the most 
important properties 
of these passive com- 
ponents. 


INTRODUCTION 

Bipolar electrolytics, polyester film, 
polycarbonate, polypropylene, poly- 
styrene, smooth film, coarse film, the 
descriptions of capacitors seem endless. 
Most of us know that there are many 
differences between all these kinds of 
capacitor. But what are those differ- 
ences, can they be measured, and, 
most importantly, for what applications 
ean they be used? In this article we will 
not just look at the differences in qual- 
‘ity, but also which factors play a role in 
‘the operation of a particular capacitor 
and which capacitors give the best 
‘results in audio applications. 


OPERATION OF 
SAPACITORS 

Ne will not delve too deeply into the 
peration of capacitors, but confine 
urselves to general and basic factors. 
~ Basically, a capacitor is a device 
that has capacitance, which is the abil- 
ity to store electrically separated 
charges when a potential difference 
_exists between the conductors. It con- 
sists of two conductors or semicon- 
ors separated by an insulator 
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Capacitors 


called the dielectric. The name of the 
dielectric becomes the name of the 
capacitor, that is, when the dielectric 
is paper, the capacitor is called a 
paper capacitor. The conductors or 
semiconductors are known as elec- 
trodes or plates. The value of the 
capacitance depends on the size and 
shape of the plates, the separation 
between them and the relative per- 
mittivity of the dielectric. The per- 
mittivity, e, indicates the degree to 
which the dielectric can resist the flow 
of electric charge and is always 
greater than unity; it is the ratio of 
electric displacement in a dielectric 
and the applied electric field strength. 
The relative permittivity, e,, is the 
ratio of the electric displacement in 
the dielectric to the electric displace- 
ment in free space, ey, for the same 
value of applied electric field strength, 
i.e., , = e/eg. Note that e, is called the 
dielectric constant when it is inde- 
pendent of electric field strength. 

The value of the capacitance, C, in 
picofarads is 


C= 0.0885 ¢,A/d, 


where A is the area of each plate in 
cm2, e, is the relative permittivity, and 
dis the distance between the plates 
in cm. 
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This equation shows that the capac- 
itance may be increased by reducing 
the distance between the plates, by 
enlarging the plates, or by replacing 
the dielectric by one with a larger rel- 
ative permittivity. The dielectric con- 
stant for a variety of capacitor materi- 
als is given in Table 1. 

The distance between the plates 
and the dielectric used determine the 
breakdown voltage of the capacitor. 
The size of a capacitor is determined 
not only by the capacitance, but also 
the working voltage, the dielectric, and 
the type of construction. 

According to theory, an ideal capac- 
itor would have a reactance, X,. of 


X, = V2nfC, 


but, unfortunately, reality is rather 
more complex. The equivalent circuit 
of a capacitor is shown in Figure 1 - 
this is a standard schematic used in 
hundreds of textbooks with the 
exception of the components in 
dashed lines which are less familiar 
but which nevertheless play a role in 
the operation of capacitors. There are 
much more complex schematic dia- 
grams of the equivalent circuit of a 
capacitor which take into account fac- 
tors such as the hysteresis in the 
dielectric, but these have no place in 
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a brief overview such as this. 

In Figure 1, C is the capacitance 
proper. It is shunted by resistor R,, 
which is the insulating resistance of 
the dielectric. Normally R ,, has a value 
of tens of megohms;, so it is usally not 
taken into account. 

The series resistor, K,, represents 
the minimum transfer resistance 
between leads, plates and dielectric. 
The reactance of a capacitor can never 
be lower than the value of R,. This 
resistance is an important factor in 
low-impedance circuits in which large 
currents flow — such as in cross-over 
networks. 

The value of the series inductance, 
L,, depends on the construction of the 
capacitor (rolled-up plates), the termi- 
nal leads, and the manner in which 
these are connected to the plates (at 
one point or over a large area of the 
plates), 

Components C,,, and R,,, represent 
the dielectric absorption, DA, which is 
a less well-known property of capaci- 
tors. If the dielectric were an ideal 
material, no energy would be lost from 
an electric field applied across it. In 
reality, electric hysteresis losses occur. 
The charge displacement, D, lags 
behind the applied field, F, resulting 
in a typical hysteresis curve and 
energy losses from the applied field, 
which appear in the form of heat. 
Dielectric absorption has an apprecia- 
ble effect on the sound quality. 

The impedance vs frequency char- 
acteristic of a capacitor is shown in Fig- 
ure 2. With increasing frequency the 
impedance drops until the resonant 
frequency, f,, is reached, after which 
the impedance increases again owing 
to the presence of L.. The resonant fre- 
quency is determined by 


fp = W2nv (LC). 


The minimum impedance at f, is about 

equal to R,. Note, however, that most 

components in Figure 1 are frequency- 

dependent to some extent. 
The specification of a capacitor nor- 

mally states the following. 

¥ The dissipation factor, which is the 
cotangent of the phase angle, cz, or 
the tangent of the loss angle, 6. It 
indicates the losses in the capacitor 
owing to R,. Sometimes Q is stated: 
Q = 1/2nf CR, = Itand. 

/ The insulation resistance, Ry, which 
is normally very high. 
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Table 1. Relative dielectric 
constant of various materials 


Material 


aluminium oxide 
ceramic 

glass 

air 

mica 

paper 

pertinax 
polycarbonate (MKC) 
polyester (MKT) 
polypropylene (MKP) 
polystyrene (MKS) 
porcelain 

tantalum oxide 


teflon 


E, 


¥ The power factor, which indicates 
the dissipation in the capacitor. It is 
equal to the cosine of the phase 
angle: p.f£. = cosa = R,/ Z = sind, 
where Z is the total impedance. 

¥ The temperature coefficient — this 
will be reverted to later in this arti- 
cle. 

¥ The value of the capacitance, nor- 
mally measured at 1 kHz (but a 
higher one in case of h.f. capaci- 
tors). 

¥ Incase of large electrolytic capaci- 
tors, the ESR (equivalent series 
resistance), R.. 


CONSTRUCTION OF 
CAPACITORS 

A practical capacitor can, of course, not 
just consist of two large plates sepa- 
rated by a dielectric. So, over the years 
manufacturers have devised many dif- 
ferent methods of obtaining as much 
capacitance as possible from as com- 
pact a construction as feasible. In this 
article we will look only at those con- 
structions that are of interest to audio 
engineering. 

A modern capacitor is normally 
formed by a number of stacked or 
twisted layers. In the case of film 
capacitors, the electrodes are usually 
made of thin metal foil vaporized on 


Ls Rs 


i 
sls 
zy 
e 


to the dielectric, whence the capacitor 
is called a metallized-film type. During 
the stacking or winding of the elec- 
trodes, the layers are slightly displaced 
w.r.t. one another to enable the termi- 
nal leads to be connected to them. In 
modern film capacitors, these leads are 
sintered on to the entire protruding 
part, as distinct from at one point, of 
the electrode. This results in wound 
capacitors having no more self-induc- 
tance than stacked types. 

Electrolytic capacitors have the 
largest capacitance per unit volume. 
They consist of two plates separated 
by a (partially) liquid electrolyte. One 
of the electrodes is given a film of alu- 
minium oxide that acts as the diclec- 
tric. This layer may be applied in var- 
ious ways. In case of a so-called coarse 
film, the upper surface aluminium 
oxide is chemically roughened so that 
the total area of the layer, and thus the 
capacitance, is much larger. In an elec- 
trolytic capacitor of the same dimen- 
sions, but with a smooth film, the total 
area, and thus the capacitance, is 
appreciably smaller. 

In tantalum capacitors, the anode is 
given a tantalum oxide film which is 
covered with a fixed electrolyte of 
manganese dioxide, which functions 
as the cathode. Years ago, tantalum 
capacitors were used in audio circuits, 
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but, owing to their semiconductor 
effect, they are not really suitable for 
this: they should be used only in 
power supply lines. 


MATERIALS 

Capacitors commercially available may 
be divided into some large groups 
according, to their dielectric: 


film capacitors; 
ceramic capacitors; 
mica capacitors; 
electrolytic capacitors; 
paper capacitors. 


SSS 


Paper capacitors are hardly avail- 
able nowadays; once upon a time they 
were in frequent use in cross-over net- 
works. 

Ceramic capacitors are not of much 
interest for low-frequency applications, 
since they are not generally available 
in suitable values; there are types 
available in values up to a few micro- 
farads, but these introduce rather a lot 
of distortion. 
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Mica capacitors are generally avail- 
able only in small values: up to about 
0.01 uF 

The most common, and least 
expensive, film capacitors are polyester 
(including polyethylene-teraphtalate) 
types. These possess generally good 
properties and may be used in most 
applications where good quality is 
required. They are available in values 
up to about 100 nF with tolerances of 
1-20 per cent. 

Polycarbonate capacitors are not 
often used in audio engineering, but 
the dielectric is excellent with rather 
better properties than polyester. 
Capacitance drift as a function of tem- 
perature is much smaller than in poly- 
ester capacitors. 

Polypropylene has even better char- 
acteristics than the previous two, but 
owing to the rather lower dielectric 
constant, these capacitors tend to be 
somewhat larger. The dissipation factor 
and the dielectric absorption are smaller 
than in the previous two materials. 

Polystyrene capacitors are undoubt- 
edly the best film capacitors for audio 
applications. They have an excellent 
temperature performance, low losses 
and very small dielectric absorption. 
Unfortunately, they are available in 


only small values — up to 0.5 wF — and 
they are relatively large. 

Aluminium electrolytic capacitors 
used in electronics are primarily of the 
so-called wet variety. Their properties 
make them eminently suitable for use 
in low-frequency and non-critical 
applications. Unfortunately, their tol- 
erance is asymmetric, normally from 
+80% to -20%. Moderate stability and 
a limited life preclude their use in 
high-quality applications. Apart from 
that, they need a direct voltage. 

Other than the usual unipolar 
types (with a +ve and a -ve terminal), 
there are bipolar types (which are not 
sensitive to the polarity of the direct 
voltage). The bipolar types are sub- 
divided into those with a coarse film 
and those with a smooth film. Both 
these types have a smaller, and usually 
symmetric, tolerance of about +10 per 
cent, and generally better properties 
than standard electrolytic capacitors. 

The dissipation factor and dielectric 
absorption of electrolytic (and tanta- 
lum) capacitors are fairly large. 


CAN THE DIFFERENCES 
BE MEASURED? 
The answer to the question is ‘yes’, but 
the equipment required is frightfully 
expensive. With a Type 4284 RLC 
Meter (on loan from Hewlett Packard) 
and an Audio Precision System One 
Analyser with integral FFT Analyser 
and a HP3325A Synthesizer Function 
Generator, we were able to carry out a 
wide range of measurements on a 
number of different types of capacitor. 
The most important of these mea- 
surements are grouped in Table 2. 
We have tried to use capacitors 
throughout of the same value - 
2.2 4K For each capacitor the real 
value at 1 kHz is given. Series resis- 
tance R, and the dissipation factor, 
tand, are measured at 100 Hz, 1 kHz, 
and 10 kHz. Basically, of course, Rg, 
may be computed from tand. Har- 
monic distortion was measured at 
250 Hz if the capacitor was used in 
a high-pass RC filter (f, = 1 kHz). It 
is likely that the distortion is caused 
by the frequency-dependent perfor- 
mance of the capacitors and the pres- 


Table 2 Measurement results 
ae capacity Rs (22) D THD DA 
of (or - | (%) (%) 
capacitor ' 100 Hz 1 kHz 10 kHz 100 Hz 1 kHz 10 kHz (3 V) 
MKP 2.20 0.10 0.015 0.01 | 0.0001 | 0.0002 0.0017 | <0.001 <0.01 
MKC 2.19 0.42 0.07 0.02 0.0006 0.0010 0.0031 | <0.001 0.03 
MKT bi? 1.27 0.32 0.075 0.0017 0.0044 0.010 <0.001  ~—-0.09 
Elomeoth 221 44.9 386 0.040 | 0.069 0.053 0.052 0.012 | 33 
2 292 155 543 0.92 0.024 0.08 0.117 0.003 0.63 
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sures between the films caused by 
the prevalent differences in charge. 

The dielectric absorption is given as 
a percentage. This is obtained in a sta- 
tic test in which the capacitor is 
charged for some time, then dis- 
charged rapidly, after which the 
increasing residual voltage is mea- 
sured, 

Of each type of capacitor, exam- 
ples from different manufacturers 
were tested. All values have been 
averaged over a number of types and 
rounded off. 

The selFinductance of all capacitors 
was measured, but not given in the 
table since the values were in all cases 
below 50 nH, which is negligible for 
applications in cross-over filters. It was 
noted that the self-inductance was 
caused mainly by the shape of the ter- 
minals leads and not by the capacitors 
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themselves. 

The table shows clearly that 
polypropylene (MKP) capacitors were 
best, closely followed by polycarbon- 
ate (MKC) types. Polyester (MKT) 
capacitors also came out very well. 

For interest’s sake, electrolytic 
capacitors were included in the 
tests: the results do not agree with 
the opinion of a number of audio 
enthusiasts who maintain that 
smooth film type electrolytic capac- 
itors have better properties than 
coarse film types. Our tests show 
exactly the opposite. However, up to 
500 Hz, there is little to choose 
between the two types: they are rel- 
atively poor and the distortion at 
large a.c. levels (2 10 V rm.s.) across 
the capacitor increases to 0.1%. 
Bipolar types should only be used if 
absolutely unavoidable. 
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SUMMARY 
The quality of capacitors is, from high 
to low: polypropylene (MKP); poly- 
carbonate (MKC); polyester (MKT), 
and electrolytic. Both smooth-film and 
coarse-film electrolytic capacitors did 
badly on the tests — they should be 
used only in non-critical circuits. 
Remarkable was the small spread of 
the film capacitors from various man- 
ufacturers. Our tests show that stories 
such as “I can tell the difference 
between a polyester capacitor from 
manufacturer A and one from manu- 
facturer B” should definitely be taken 
with a pinch of salt. 
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This year marks the 
150th anniversary of the 
birth of two men who 
did more to bring about 
this century's communi- 
cations revolution than 
anyone. Although con- 
trasting personalities, 
they would have an 
effective, if detached, 
influence on each 
other's major inventions: 
the gramophone and 
the telephone. 


INSPIRATION 


Thomas Alva Edison could 
not cope with a formal edu- 
cation. Born on the 11th Feb- | 1 
ruary 1847 in Milan, Ohio, his 
school teachers described him 
as ‘addled.’ By the time he 
was 12 his mother had had 
enough. She pulled him out 
of school and educated him 
at home. 
He finally began his working 
life as a boy telegraph opera- 
tor during the American Civil 
War. In the course of this 
work he met Samuel Morse, 
inventor of the eponymous 
code, which made the tele- 
graph the first successful 
long-distance communica- 
tions system. 
Artist, sculptor, designer, 
and, indeed, the founder and 
first president of the Ameri- 
can National Academy of Design, Morse 
had another talent which _ lastingly 
impressed the young Edison; his skill and 
success as a business promotor and fund 
raiser. 
: This was the man who had helped raise 
“$350,000 in two weeks to create the Atlantic 
“Telegraphic Company which, in 1958, laid 


By Greg Grant 
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Bell and Edison 


Application vs inspiration 


A double 150th 
anniversary 


the first Atlantic Telegraph cable. 

Consequently, it’s no accident or 
chance that Edison’s first commercial 
phonograph was called the ‘Triumph’. 
If there was one lesson he'd learned 
from Morse, it was that marketing and 
the promotion of your products mat- 
tered, and mattered greatly. 

By the age of 22, this educational 
failure had invented the Ticker Tape 
machine, which he sold for $40,000, an 
almost unbelievable sum at that time. 
This achievement enabled him to 
become professionally what he had 
long been personally: independent. A 
decade later, his improvement to the 
telephone brought him even more 
money. He promptly moved from 
New York to Newark, New Jersey, 


Faraday 


Scott 


where he set up his own laboratory at 
Menlo Park. 

This establishment was the proto- 
type of all future electronic laborato- 
nies, although it differed in one respect. 
It promoted and developed the ideas 
of only one man: its owner. 

Edison was serendipitous. He 
would break off a particular train of 
work when it threw up some unex- 


Oersted 
[Electromagnetic Induction] [Electromagnetism] 


| Sturgeon 
[Electromagnet] 


pected discovery or phenomenon, so 
as to work on this new track. He read- 
ily admitted for example that, at the 
time of his experiments with house- 
hold lighting, he had no idea how 
Ohm's Law operated. 

He equally acknowledged that fig- 
ures were the last thing he depended 
on. When asked for exampie how 
many experiments he had carried out 
in the course of developing a Storage 
battery, he replied that it must have 
been close to 50,000 over a decade or 
thereabouts, This meant that, in finan- 
cial terms, the Edison Storage Battery 
cost some $3,000,000 to develop! 

Edison supposedly said that genius 
was one per cent inspiration and 
ninety-nine per cent perspiration. This 


von Helmholtz 
[Sound Vibration]*~ 
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in fact was a fairly accurate description 
of his working methods, for his system 
turned what was rapidly becoming 
standard scientific practice on its head. 
In other words, instead of pure 
research leading to applied research, 
Edison began with the latter and even- 
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tually arrived at the former. 

It was this approach that so 
annoyed one of his employees, a 
bright young electrical engineer called 
Nickoli Tesla. He pointed out that Edi- 
son could have saved himself a great 
deal of time and effort by applying 
mathematics and a lot more thought 
and organisation to what he was 
doing. This however was not the self- 
made Edison's way, and so Tesla 
sought a position elsewhere. 

That this was hardly the best way 
to go about the business of invention 
is borne out by the patent record. Pro- 
vided that is, you look beyond the glit- 
ter. Edison filed 1,093 patents: of that 
there is no dispute. They covered the 
invention of - and improvements to - 
the Telegraph, Motion Pictures, Bat- 
teries, the Gramophone, the Power 
Generator and the Telephone. This is 
the glitter, much quoted in articles, 
papers and books. 

The above figure, whilst undeni- 
ably impressive, looks somewhat less 
so on closer inspection. No fewer than 
389 of Edison’s patents relate to 
improvements to his Electric Light 
Bulb and Power Generation. 

Another 195 were needed before he 
got his gramophone ~ or Phonograph 
as he termed it - working satisfactorily 
and his improvements to the Tele- 
phone required a further 34 patents. 
This meant that some 618 patents, 
around 58% of the total, were taken 
up with improvements to four devices. 
The only conclusion to be drawn from 
this is that, throughout his working 
life, Edison had trouble developing his 
design ideas. 


APPLICATION 

Alexander Graham Bell* on the other 
hand had no such difficulty. Born in 
Edinburgh on the 3rd of March 1847, 
within a month of Edison, Bell came 
from a family that had a long associa- 
tion with the study of speech and elo- 
cution. He studied at University Col- 
lege London before emigrating to 
Canada in 1870 and, shortly after- 
wards, to the United States of Amer- 
ica. In 1872 he founded the Boston 
School for the Deaf, to train teachers in 
this field. 

Bell knew that sound waves 
expanded and compressed the air 
through which they passed. His ambi- 
tion was to use the waves in a way 
such that they could be converted into 
a fluctuating electric current which, 
having been transmitted along a wire 
to a distant location, could be con- 
verted back into sound. He saw an 
application for such a device in his 


work with the deaf. 

In his development work towards 
this device however, Bell did not 
invent per se. Instead he collated sev- 
eral disparate discoveries into a work- 
ing system which gave what he 
wanted. 

The discoveries were those of Hans 
Oersted, William Sturgeon, Michael 
Faraday, Hermann von Helmholtz and 
the Frenchman Leon Scott, all of them 
illustrated in Figure 1. 

In 1875, Bell demonstrated how he 
differed from Edison in his approach 
to developing ideas. Instead of profli- 
gacy with time and dollars, he asked 
his friends at the Massachusetts Insti- 
tute of Technology, (MIT), to educate 
him on the theory behind the work of 
the men whose discoveries he was fus- 
ing into a viable device. 

Bell's telephone first appeared in 
public at the Philadelphia Centennial 


Exhibition in 1876. Bell promptly filed 
for a patent - No, 174,465 - which 
remains the single most lucrative 
patent ever issued. The telephone 
patent was the first of 18 granted to 
Bell in his name alone. He would also 
be granted a further 12 in association 
with collaborators, a total of 30 in all. 
Of this total 14, or almost 47%, dealt 
with the telephone alone. 

In inventive terms it was 'Inspira- 
tion along the Way’ that motivated 
Edison. In Bell's case the drive came 
from an adherence to basic principles, 
the application of what was known. 
Edison spent a great deal of time 
improving what was already there, 
inventions he himself had made and 
those of others. Bell rarely, if at all, 
made refinements to what was already 
there except, of course, to his original 
invention. 

Yet paradoxically, in the decade 
between 1876 and 1886, both men 
would improve, indeed make more 
economically and industrially viable, 
the major communicative invention of 
the other. For Edison this was but stan- 
dard practice: for Bell however it was 
something of a departure. 


microphone 


* See New Books elsewhere in this issue for a review of a new biography of A.G. Bell. 
t The national anthem of the United States of America. It is based on a poem written by Francis Scott Key in September, 1814, and set 


by him to the melody of the English song To Anacreon in Heaven. It was not officially adopted by the U.S. Congress until 1931. 
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In 1877 Edison invented the Car- 
bon Granule Microphone, illustrated 
in Figure 2. 

This made Bell's invention a truly 
practical device and, in its many forms, 
this microphone would remain the 
preferred choice of telephone equip- 
ment manufacturers well into the 
1960s. Nine years later Bell demon- 
strated that his refining abilities were 
by no means restricted to the tele- 
phone when he greatly improved Edi- 
son's Phonograph. He replaced the 
drum with wax disks and used an 
engraving needle and a controlled 
speed. 

This was the beginning of Acoustic 
Information Storage, or AIS. Indeed 
Bell's system - improved along the 
way by Peter Goldmark’s Long Play- 
ing disk of the early 1950s - has only 
recently been replaced by a new tech- 
nological development, the Compact 


I 


Disk, or CD. 

Although they differed in their 
approach to invention, both men 
shared a characteristic common to sci- 
entists and engineers before and since. 
They had no real idea as to how, or for 
what purpose, many of their inven- 
tions would be used. 

Edison, whilst aware that the 
phonograph could record music, 
stressed in his advertisements that it 
would be an ideal instrument for 
recording the last words of the dying! 

The telephone, too, was perceived 
to have a multiplicity of uses, quite 
apart from its obvious one in com- 
merce generally. Yet Bell's greatest 
hope for it was that it would be used 
to enable all Americans to sing The Star 
Spangled Bannert in unison! 

Even great inventors it seems lack 
inspiration and application in some 
areas! 

(972008-1) 
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now includes circuit simulation options 


Good news for all of 
you who like to have 
Elektor Electronics 
magazine in elec- 
tronic form: the sec- 
ond CD-ROM cover- 
ing a whole year’s 
content (eleven 
issues) of Elektor 
Electronics magazine 
is now available! 
Apart from all pub- 
lished construction 
and background arti- 
cles (in four lan- 
guages) the CD-ROM 
also contains a free 
bonus: a working 
demo of the Electron- 
ics Workbench, 
allowing you simulate 
circuits for yourself. 


With the release of this CD-ROM we 
offer our readers another volume of 
Elektor Electronics in electronic form, All 
editorial articles (except the News and 
New Products sections) are found on 
the CD-ROM, including all illustra- 
tions and PCB layouts. 
A program which was specially 
designed for this CD-ROM (and per- 
fected over the past few years) com- 
bines good legibility of the articles with 
the demands of today’s electronic 
engineer in respect of quality of the 
circuit diagrams and PCB layouts. This 
program is probably unique because a 
‘standard viewer is usually employed 
for these applications, leaving much to 
be desired as far as quality and organ- 
sation of the material are concerned. 
“What can you do with the CD- 
OM. 1996, and how do you use it? If 
eady have the previous volume 
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(1995), there’s little to tell you. Those 
of you who have never seen an Elektor 
Electronics volume CD-ROM, however, 
may like to know what to expect from 
this year’s release. 

After launching the program from 


CD-ROM (that’s right, the program 
does not have to be installed, and does 
not use hard disk space), you first 
select the language. Next, the main 
menu presents you with an overview 
of all articles published in 1996, 
arranged in categories. This window 
allows you to open any individual arti- 
cle, or go to a month overview. On 
opening an article, a text window 
appears which may also contain illus- 
tration photographs. While reading 
the article you may open one or more 
new windows containing schematics, 
PCB layouts, tables, insets or compo- 
nent lists, as required. To open such an 
illustration, you simply double-click on 
the hyperlinks marked in red in the 
article text. It is also possible to call up 
an overview of all windows related to 
the article by right-clicking at any 
point in the text window, and then 
pick the desired item from the list 
which pops up. 

The program offers a number of 
search options. If no article is opened, 
the menu option ‘search’ allows you to 
search all articles for a certain word or 
number. It is possible to include a 
number of months only in the search. 
This search option is useful for locat- 
ing projects which make use of a cer- 
tain component you want to know 


more about. If an article is already 
open, the search function works in the 
relevant text only {including any insets 
and parts list). 

In windows containing a circuit 
diagram or a PCB layout, you can 
zoom in and out simply by clicking the 
left and right mouse button, respec- 
tively. All circuit diagrams are available 
on the CD-ROM at a resolution of 
300 dpi (dots per inch), PCB layouts 
have a resolution of 600 dpi which 
enables you to run off high-quality 
copies on a laser printer. All schemat- 
ics, layouts and texts may, of course, be 
printed, but it is also possible to copy 
text sections to a word processor for 
use in, say, a report (not forgetting to 
mention Elektor Electronics as the 
source, of course). 

This year’s volume on CD-ROM 
contains a free bonus in the form of a 
working demo of Electronics Work- 
bench. This program enables you to 
test (Elektor Electronics) circuits without 
the use of a soldering iron. A couple of 
examples of simulation schematics 
derived from Elektor circuits are avail- 
able on the CD-ROM to get you going. 

The CD-ROM Elektor 1996 we 
reckon should be highly recom- 
mended to anyone with an interest in 
electronics and computers. As a matter 
of course, you should have a Windows 
PC and a CD-ROM drive to be able to 
use this product. 

The price of the CD-ROM Elektor Volume 
1996 1s £31.50 for subscribers and £35.50 


for other readers. (970058) 
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Those tadpole-like notes, on or 
between five horizontal parallel lines 
known as a stall, have been around 
lor nearly a thousand years, What- 
ever instrument you play, whether it 
wv plucked, 


uses this musical notation te indicate 


is blown, beaten scraped ¢ 


Touch - Tones er 


the pitch of notes (.e., how low or 
high they are), the rhythmic pattern 
and note values, The problem is that 
the budding musician still has to 
translate this musical shorthand into 
the mechanical movements neces- 
sary for playing the particular instru- 


amplifier 
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tonic (1) 


ment. Surprisingly, over the years, 
few conventional instruments have 
heen designed to resemble this musi- 
cal notation system, although key- 
board instruments come closest. 

Electronic Touch-Tones oller both the 
sight and sound of musical notation. 
Although this project is limited to a 
one-oclave major seale, it indicates a 
method of translorming written nota- 
tion directly inte sound. Moreover, it 
provides a useful teaching aid for 


youngsters leaming the basics of 


scales, intervals and primary chords. 
The block diagram shows eight escil- 
lators, their tuning contrals and twa 
quad analogue switch ICs feeding a 
transistor Quiput stage. As indicated 
on the stafl, three primary cherel 
tauch plates are available, provicing a 
basic accompaniment for any of the 
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votes in this major scale. 

In the circuit diagram, things may 
aok complex at firs, until you realize 
hat there are eight identical oscilla. 
ors, two per 356 [C). Let’s look at 
1C3. For one half of the twin oscilla- 


or chip, the lrequency of oscillation 
is controlled by RC network P1-R1- 
C1. With the values given, several 
octaves are available by adjustment of 
Pl. The oscillator output signal is 
capacitively coupled to pin ] of IC1, 


i.e. one of four identical analogue 
switches. When the C note on the 
front panel seale is touched hy a fin- 
gertip, the skin resistance enables the 
analogue switch. Each note has wwe 
adjacent wires, one to OV and the 
ather ta the enable pin on the ana- 
logue switch. This routes ICL pin 1 
to pin 2, and the low-C oscillator 
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vd 


output is applied via R16 to the base 
of output transistor TL 
All eight oscillators operate in similar 


fashion to the one described. 
Note that diodes D1-D9 connect the 
three front panel chord touch-plates 


COMPONENTS LIST shown here (not available ready- 

made through the Readers Services). 
Resistors: Use flexible ribbon leads for the ana- 
R1-R8 = 1kQ logue switch connections to the 


RO-R16 = 1kQ28 
R17-R24 = 10MQ 
R25 = 560Q 

P1-P8 = 1MQ preset H 


Capacitors: 
C1-024 = 10nF 
C25,026 = 100uF 16V 


front-panel touch wires, the battery 
and switch connections, and the 
speaker leads. | mounted the com- 
puter-printed scale between a paxolin 
panel and a thin sheet of perspex 
(260110 mm) for protection, Each 
touch-tone consisted of two short 
parallel gold-plated wires, the upper 


Semiconductors: connected to the appropriate ana- 
D1-D10 = 1N4151 lopue switch enable contact, and the 
Tl = BCS46B other to the + supply rail. The front 
ae at Nese panel was attached by wooed screws 

to a shallow plywood hox (40 mm 
Miscellaneous: deep) that houses the PCB and the 


$1 =. on/off switch 
LS1 = miniature loudspeaker, 8Q 
0.5W 


to the appropriate analogue touch 
controls in order to sound the three 
primary triads; tonic (D to C, E and 
G; sub-dominant (IV) to F A and C: 
and dominant {V) to G, B and D, 
The diodes serve to connect and iso- 
late the touch-plates; the cathodes of 
the diodes must connect with the 
touch-tone wires that go with the 
analogue switches. 

The circuit is best built on the PCB 


battery. The miniature loudspeaker 
was glued behind the treble clef on 
the frant panel with small holes 
drilled to emit the sound. Current 
onsumption was approximately 
OmA, so a PP3 battery was ade- 
quate. 

The eight presets in the circuit 
should be tuned against a keyboard 
or other musical instrument that is 
available. Finally, although this sim- 
ple eight-note version is limited, the 
idea could easily be extended to the 
chromatic scale of twelve semitones 
and further. 


he 
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2574 switch-mode 


COMPONENTS LIST 


Resistors: 
R1 = 1kQ2 
P} = 25kQ preset H 


Capacitors: 

C1,05 = 100uF 35V radial 
C2 = 10uF 63V radial 

C3 = 1000uF 35V radial 
C4,C6 = 100nF 


Inductors: 

L1 = 470uH triac suppressor coil 
(see text) 

L2 = 100uH triac suppressor coil 


Semiconductors: 

D1,D2 = 1N4001 

D3 = BYW29 or similar fast 
Schottky diode 

IC1 = LM2574N (National 
Semiconductor) 


Miscellaneous: 

Ki = mains adaptor socket, PCB 
mount 

K2 = 2-way PCB terminal block, 
pitch 5mm 

Printed circuit. board, order code 
974024 (see Readers Services 


page) 
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If you are after a small, reliable and 
inexpensive switch-mode power sup- 
ply. National Semiconductor's 
LM257x series of switch-mode 
power supply controller ICs has sev- 
eral advantages over competitive 
products like the LT1070 (powerful 
nut alas more expensive} and the 
T1497 (obsolescent), The LM237x 
family — is 
Aotorola 

The cireuit shown here largely lol- 
lows the NS recommended applica- 
un configuration. The only critical 
art iS inductor L1, a triac suppressor 
coil whase sell-inductance depends 
on the output voltage and maximum 
anticipated output current. The 
required inductance may be found in 
the graph. Most triac suppressor coils 
have an inductance al about 
100 4H. A rule of thumb says that 
the selfinductance is proportional 


second-saurced — by 


with the square of the number of 
turns. So, a 100-H coil may be 
modified into a 4704¢H type by mul- 
plying the number of cums with 
V(470/ LOO)=2.17. you EXPECT 


LM2574 


Sine NC 
i OFF SGND PGND 


1N4001 BYw29 (8) 
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problems fitting the extra wire on the 
core, simply use thinner wire. Fortu- 
nately, the inductance of the coil is 
not particularly critical 

The PCB design will only accommo- 
date the LM2574 0.5-A regulator 
which cores in an 8-pin DIP case 
Solder the IC direetly en te the 
board, as that will aid in its cooling, 
For the same reason, pins 6 and 8 of 
the regulator, though not connected 
internally, are soldered to the copper 
ground plane. The output capacity of 
the supply should net be pushed to 
the maximum (0.5 A) as the 
LM2574 will start to fee] very 
uncomlortable. 
The second LC cireuit behind the 


regulator, L2-C5, is included tor addi- 
tional ripple suppression. If you 
don't mind a extra lew milli-volts of 
nipple voltage, L2 may also be 
replaced by a wire link. If fitted, L2 
should be a common-or-garden triac 
suppressor coil with a selFinductance 
of between 30 at and LOO gH. 

The output voltage can be set using 
preset PL, where 
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PL=RIW,#1.23-1) 

Diode D1 at the input of the circuit 
acts as a polarity reversal protection. 
I you ft Dt, D2 is ner required. 
However, if the valtage across DI 
becomes too large, replace this diode 
by a wire link and fit D2 which will 
present a virtual short-circuit to a 
reverse input voltage. 
Finally, a computer program doing all 
configuration calculations for these 
SMPSU ICs may be downloaded 
from hrtp:www.national.com/ 
design/index.html 
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simple two-way loudspeaker 


In this design of a simple loud- 
speaker enclosure an attempt has 
been made to achieve a reasonably 
good quality vith a minimum of 
material, In spite of inexpensive dri- 
vers, this aim was met. 

fhe cross-over tiller has a 6-dB 
roll-off, which means only one com- 
ponent per driver: L, for the wooter 
and Cy for the tweeter. There is also 
an impedance-correction network, 
Ry-C), for the woofer, which “Tatens’ 
the rising impedance of this driver. 

There is an attenuation network, 
Ry-R3, to match the volume level of 
the pweeter to that of the wooter 

Note that owing to the pasitian 
of the drivers, the polarization of the 
tweeter must be the opposite of that 
ol the woofer, 
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The unit may be used as a rear 
speaker in a surround-sound system 
or with a multimedia computer. In 
the latter case, it must be placed well 
away from the monitor since the 


magnets af most inexpensive drivers 
are not screened, 

The bass-reflex enclosure (Fig- 
ure 2) has a volume of 4.5 litres. The 
bass-rellex port is is a standard 
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40 mm dia, PVC pipe, 175 mm long 
iil its walls are 2 mm thick: if they 
are 3 mm thick, the length must be 
150 mm). Te material used for the 
enclosure is 8 mm thick chip-board 
ar similar. 

The nominal impedance of the 
system is 6 Q. Maximum power 
input is 30 Wi The cross-over fre- 
quency is + ktz. The frequency char- 
acteristic ol the loudspeaker is shown 
in Figure 3, 

If the coil is nor obtainable reacly- 
made, it may be wound on a nen- 
metallic 28 mm dia and 
28 mm long. The winding consists of 
seven layers ol 1.5 mm dia, enam- 


former, 


elled copper wite. 


[Siesnerts - 374066] 
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The conversion of analogue signals, 
such as the ourput of a temperature 
sensor, into a digital code remains a 
challenge lor many computer users, 
The analogue-to-digital converter 
(ADC) shown may be of help. It uses 
only a few components and a simple 
program in BASIC. IL is intended lor 
use with PCs only, 

The 8-bit converter IC is a Lype 
TLO349 from Texas Instruments 
(IC). 

A REPO2 (IC) is used as refer- 
ence source and supply regulator, Ir 
operates trom 8-30 V and provides 
5M 

The signal to be quantized may 
have a level of O-5 V and is applied 
wo pin 2 of ICs. A trailing edge 
applied to pin 5 of the IC then 
results in the signal being digitized, 
The MSB appears at pin 6. 

Next, vight clock pulses are 
applied ta the 1’O-CLK input to shift 
all eight biis out of the converter. 


for Centronics port 


10 Base = 888: 

20 Delay = 1 

30 Average = 10 

40 CLS 

50 Value = 0 

60 FOR t = 1 TO Average 
70 QUT (Base), 0: 

80 OUT (Base), 1: 

30 FOR q = 1 TO Delay 
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REM Base LPT1 {for LPT2: 632) 
REM conversion delay time 
REM average cycles 


REM CS, 


I/O=CLK low 


REM CS high, start conversion 
REM wait-state for conversion time 


100 NEXT q 
After the eighth clack pulse, the next 120 OUT (Base), 0: REM CS+CLK low 
cycle is started by setting a trailing 130 OUT (Base), 0: REM CLK high 
edge at the “CS pin, Jo ensure cor = «140 OUT (Base), 0: REM CLK low 
rect conversion this line must have 150 FOR i = 1 TO 7: REM write bit 7-0 
been high for at least 1.7 ps. ll 160 x = INP (Base + 1) AND 128: REM read and discriminate input bit 
BASIC is used, this condition is nor- 170 IF X = 128 THEN a = 0 
mally met automatically, ee ee ee 
ae G ert 190 Value = Value + a * 2 * (7 ~ i) REM constitue number 
The BASIC program in the box 399) guy (Base), 2: REM CLK high 
shows how this language may be 219 our (Base), 0: REM CLK low 
used to quantize an analogue signal. 220 NEXT i 
Note that with a trick on line 240) 230 NEXT t 
the ever-present noise may be lim- 240 Value = Value * 5 / (255 * Average): REM mean value of “Average” numbers 
ited, and conversion 
The converter draws acurrentof 290 LOCATE 10, 10: REM to measuring range (0-5 V) 
‘Hodat stds iadaiane 260 PRINT USING “#.### Volt”; Value 
e 270 GOTO 50 
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voltage-independent 


Linear Technology's LTL513 is an IC 
that is intended for use as a 500 mA 
current-switch-mode controller in 
battery charger with constant voltage 
or constant current. A special prop- 
erty ol the IC is that, depending on 
the input potential, it switches auto- 
matically from boost to buck mode 
or vice versa. 

The IC may be used in chargers 
for Li-lan, NiMH or NiCd batteries 
as long as the nominal battery volt- 
age is S$ 20 ¥ The output voltage is 


accurate to within 1%, which is, of 
course, a must in the case of Li-lon 
batteries. Since the switching rate is 
500 kHz and the 1C is an SMD {sur- 
lace-rmount device), the circuit can 
be kept very small. 

The IC contains a current-moni- 
toring section that enables the out- 
put current of, for instance, a flyback 
charger to be controlled precisely. 
This arrangement enables the current 
to be monitored w.ct, earth in isola- 
tion of the battery, This simplifies the 
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attery charger 


switch-over of the batteries and pre- 
vents errors caused by earth loops. 

Resistor Rj is a current measunng 
device: with its value as specilied, the 
current is 1.25 A. 

The peak switching current of the 
IC is 3 A, which enables a charging 
current of up to 2 A fora single Li- 
lon cell. Curves relating the peak 
charging current and the input volt- 
age of the IC are shown in Figure 2. 

Diode D) should be a Schattky 
type. 
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‘The values ol resistors Ry and Ry 
must be cause a potential of 1.245 ¥ 
at pin V.,, when the charging voltage 
is maximum. The current through 
the potential divider should be about 
LOO pA. 

Inductors 1.) and Ly are wound 
on acommon core; each must have 
asel-inductance of about 10 2H. 

Finally. capacitor Cj must in no 
circumstances be an electrolytic type. 

(4. Lincar ‘echnology “pplication 974052] 
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#see text 


In video processing, it is desirable to 
hold the blanking level of the video 
signal at a delined voltage level. In 
the clamp, this is earth level. The cir- 
cuit complements the video contrast 
expander elsewhere in this issue, The 
expander cannot property handle a 
situauion in which the syne and dark 
levels are dissimilar 

The clamp may also be used to 
advantage with a video muxer or 
video fader. Merely adding a poten- 
tometer and a video switch with cor- 
rect aiming is sufficient co obtain the 
desired effects. The ourput signals ol 
the syne separator used in the clamp 
may often prove very useful. 

After it has been decoupled by 
C) and Cy, the video signal is 
applied to butter’ amplifier IC. This 
is an opamp with a slew rate of 
300 V us! and a unity-gain band- 
width of 50 MHz, 

The voltage level between the 
colour burst and a given video line is 
sampled via T) and C3. This is done 
at the back porch (that is, the inter- 
val immediately succeeding the sync 
pulse) which is normally 5.8 ys. The 
back porch appears at the output of 
IC and is then at earth level, 

Since the output ef IC, lorms 
part of the feedback loop of ICs, it 
provides high amplification, which 
means that the value of Ry can be 
fairly high. This lessens the effect on 
he video signal. 

The normal video signal is ampli- 
ied 2, and the potential at C; 
x2. The amplification factor 
ensures the correct signal across the 
erminating impedance of 75 Q, 

Analysing the video signal is 
effected by syne separator 1C4. Since 
he pulse at the burst ourput is too 
wide {typically 4 as) for the present 
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application, IC;,, (which provides the 
control pulse for T,) cannat be trig- 
gered at the trailing edge of the sig- 
nal. The sample pulse woulcl then 
arrive too late and might be taken 
from the video signal. Therefore, ICs, 
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is tigeered at the leading edge of the 
burst signal (3.6 ys). The output of 
ICy, is then used to start IC, 
(0.6 ps). Ic is then possible by giving 
Cs and Cy appropriate values to 
determine where the samples are 
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taken. In the present design this is 
4 us alter the frame- syne pulse. 
Since the burst ourput of 1Cy also 
generates pulses during the [rame 
synchronization, which may occur at 
an awkward moment and thus create 


contradictory situations, sampling 
during the vertical synchronization is 
temporarily stopped by resetting IC; 


The circuit is intended to make a 
model train shuttle continuously 
between two bullers, At the start and 
finish of each journey, one of the rails 
(it does not matter which) is inter- 
rupted and a resistor, R, and R, is 
placed in series with it at the break 
via Ky and K,' respectively. The value 
af these resistors is shown as 2,2 Q, 
but in practice they should have a 
value that causes a potential differ- 
ence, pd, of 1.5 V across them when 
the break in the rail is bridged by the 
uain(that is, the value depends on 
the current drawn by the locomo- 
tive). 

When the break is being bridged, 
the relevant optoisolator, IC, or ICy', 


with the signal from the vertical syne 
OULpUL. 
Resistor R; prevents any glitches 
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1N4148 DI 


is enabled. Mind the polarity: when 
the locomative hits the upper buffer 
in the diagram, IC4’ must be enabled 
and when it touches the lower butter, 
ICy. Almost any type of optoisolator 
may be used. 

The outputs of the optoisolators 
at Ks and K;' are connected in paral- 
lel and applied to the input of the 
relay contral circuit via K, Since it 
does not matter for the operation of 
this control circuit which of the 
butters is touched, a large number of 
end-stops may be connected in par- 
allel with Ks, 

The circuit operates as follows. 
When the supply to the wain is 
switched on, a power-up reset is 


caused by the switching of T; from 
penetrating the video signal. 


The clamps draws a current of 


about 20 mA. 
[Giesherls — 974092] 


el trains 


5V4) 
= IC3 = CD4027 
(s) 100n (7) Ic4 = CD4093 


effected by the circuit based on IC, 
before the train can move. As soon as 
one of the end-stop detectors is actu- 
ated, monostable  multivibrator 
(MMV) IC is triggered, whereupon 
the supply to the tails is broken via 
T, and Re>: the tain stops. 

Alter about 2 seconds (time con- 
stant R5-C,), bistable IC; is triggered, 
whereupon the polaricy of the rail 
voltage is reversed, When the mono 
time of IC) (which can be set with 
P)) has elapsed, relay Re} is re-ener- 
gazed and the train starts to move 
again, but in the opposite direction. 

The relay may be a 5 V or 6 V 
type. The power supply for the cir- 
cuit is taken from that for the train 
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via Kj): its polarity ts irrelevant. The 
circuit draws a current of only a few 
milliamperes, to which must be 
added the current drawn by the 
relay, If the supply for the train is 
ower than 8 V, it may be that the 
drop across IC; becomes too small. 
In that case, IC) should be replaced 
by a low-drop type. It is also advis- 
able in that case to replace the bridge 
rectifier by lour Schottky diodes Type 
SB130 in a bridge configuration. If 
on the other hand, the supply to the 
rain is high, it may be advisable to 
mount IC; on a suitable heat sink. 
[Wolff - 974051} 
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The Stamp Security 
System is suitable for 
the home, a small 
_ office or a shop. The 
_ heart of the system is 
the BASIC Stamp 
microcontroller. 
The Stamp has 
the advantage 
that it is pro- 
grammed in 
BASIC, and requires 
a PC on which to 
write and download 
the program. You can 
suit the logic of the 
system to your own 
requirements, making 
it as simple or as 
complicated as you 
wish. You can trick 
burglars with routines 
of your own devising, 
leaving them wonder- 
ing what is going to 
happen next, and 
putting them at a psy- 
_ chological disadvan- 
tage. You can change 
the program from 
time to time, as you 
think of improve- 
ments or when you 
expand the system. 


Design by Owen Bishop 


THE HARDWARE. 


We use strip-board for the circuit of 
this project so as to allow you to put 
together those elements of the system 
that you need and to omit the rest. 
The circuit consists of simple input 
and output connections, and you will 
find no difficulty in adapting our sug- 
gested layout to suit your own needs. 

The system is based on the 
premise that the best line of defence 
against an intruder consists of solid 
walls with firmly secured doors and 
windows. The aim is to prevent the 
would-be interloper from ever getting 
into the building. Electronically, this 
first line of defence consists of a 
peripheral loop. This is a loop of wire 
running around the protected area, 
joining switches placed at vulnerable 
points. The loop includes switches at 
every door and window by which a 
person might enter the home, not for- 
getting some of the more unlikely 
routes such as a hatch to the cellar or 
a skylight on the roof. The loop nor- 


mally covers all possible entrances on 
the basement and ground floor and 
all accessible entrances on upper 
floors. Each entrance in the loop is 
protected by a normally-closed switch 
and the switches are connected in 
series. When any one door or win- 
dow is opened, even by a few mil- 
limetres, the loop is broken. The con- 
trol unit detects this event and sounds 
the alarm. If the intruder attempts to 
cut the wires of the loop, this too 
breaks the loop and triggers the 
alarm. 

The most effective type of switch 
for a door or window is the magnetic 
reed switch. This consists of two parts. 
The reed switch itself is mounted on 
the door frame or window frame. For 
a wooden-framed door or window, 
the reed-switch may be concealed in 
a drilled cavity. The magnet is 
mounted in or on the door or win- 
dow, positioned so that, when the 
door or window is closed, the magnet 
comes close to the reed switch and 
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makes its contacts come together. 
When the door is opened, the con- 
tacts spring apart, breaking the loop. 
If a reed switch is unsuitable for any 
reason it is generally possible to use a 
micro-switch instead. 

Determined burglars may cut 
away parts of the window glass or 
smash the glass to gain access. If you 
think that this is a risk that must be 
countered, the simplest technique is 
to use window foil. This is adhesive 
metal tape stuck to the inside surface 
of the glass. [ts ends are connected 
into the peripheral loop. When the 
glass is broken or cut, the tape is torn, 
and the peripheral loop is broken. A 
vibration detector is another and less 
conspicuous way to protect window 
glass. Most types contain a normally- 
closed switch which opens when 
vibration is detected. Vibration detec- 
tors can also be used to protect doors, 
cupboards, and safes, Further infor- 
mation on using window foil, as well 
as constructional details of several 
devices that you can build into your 
system, are found in the reference 
given at the end of this article. 

The Exit Door, the door by which 
you leave and re-enter the house, 
needs special attention. From the 
physical point of view, there is the 
problem that other doors can (and 
should) have stout bolts on the inside, 
but the Exit Door can not. At least, 
this door must have a good quality 
lever lock, or possibly two locks. 
Latches are usually not good enough 
protection. Figure 1 shows that the 
security system has a special loop for 
the Exit Door. This is to allow mem- 
bers of the household to come and go 
during the day or evening without 
the need to disarm the rest of the sys- 
tem. But the Exit Door can, if you 
wish, be included in the main periph- 
eral loop. This leaves Loop 2 free for 
other purposes, such as a loop enclos- 
ing a different area of the house, or 
sensors on other buildings such as the 
garage and garden shed. 

You may decide not to fit a switch 
to the Exit Door but to rely on bur- 
glar-proof locks and perhaps the fact 
that the door is in an exposed posi- 
tion under the surveillance of passers- 
by. If you do fit a switch there is the 
problem of leaving the house when 
all loops are armed, without trigger- 
ing the siren, Our program provides 
a delay to allow you to do this. Just 
before you leave the house, you press 
a button on the control panel. You 
then have 30 seconds to leave the 
house and shut the Exit Door before 
the system resumes its activity. If this 
is not long enough, you can set the 
program to wait longer. When you 
return to the house you have 10 sec- 
onds (or longer, if you need it) to go 
to the control panel and press the 
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button again or insert the security key 
(see later) into its socket. The alarm is 
sounded if you do not do this in time. 
An intruder breaking in through the 
Exit Door will probably be unaware of 
the need to press the button. Even if 
the intruder thinks of such a possibil- 
ity, the control panel is hidden away 
(perhaps in a cupboard upstairs) and 
is unlikely to be found within 10 sec- 
onds. 

If you are a pessimist, or if a 
perimeter loop is impractical in your 
home, you may have a second line of 
defence. This does not necessarily 
prevent the intruder from entering 
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the area, but gives warning as soon as 
his or her presence there is detected. 
Devices used for this purpose may 
include ready-made units such as 
infra-red beam detectors, microwave 
or ultrasonic motion detectors and 
Passive infra-red (PIR) detectors. A 
number of such devices are described 
in the reference. These devices usu- 
ally have a pair of normally-closed 
contacts which may be wired into the 
peripheral loop, or into a separate 
loop (loop 3, Figure 1). Most of them 
operate on 8 V to 16 V DC so can be 
supplied from the same power sup- 
ply as the Stamp system. Another sec- 
ond-line device is a pressure-mat. 
This is concealed beneath the carpet 
and located where an intruder is 
likely to stand on it. Typical places are 
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just inside a door, in a corridor, or in 
front of a safe or valuable object. Pres- 
sure mats are normally open-circuit 
and close when stood on. This means 
that they need separate connections 
to the control unit. Figure 1 shows 
mats and other normally-open 
switches (loop 4) wired in parallel for 
this reason. Take care to conceal the 
wiring because mats and normally- 
open switches can be inactivated by 
cutting the wires. 

As well as the more conventional 
security devices we have mentioned 
above, there is plenty of scope in this 
system for you to pit your wits 
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against the prospective intruder, For 
example, TV sets are a favourite of the 
small-time burglar, so booby-trap the 
set with a microswitch hidden be- 
neath or behind it. When the set is 
lifted or moved, the armature of the 
switch is released and the contacts 
open. Tamper-proofing is another 
important aspect of security. You 
could include in series with your 
main peripheral loop (Figure 7) a 
micro-switch located inside the case 
of the control unit. When the lid or 
panel is in position it presses against 
the armature of the switch, holding 
the contacts closed. As soon as the lid 
is loosened by someone trying to 
unscrew its fastenings, pressure is 
teleased and the alarm is sounded. 
We must not forget other forms of 
security. Smoke and fire alarms, flood 
alarms, gas alarms and other sensors 
can all be included in the system if 


55 


(PSU 0 battery) 


they have a switched 
output. An-other use- 
ful alarm is a panic 
button to be pressed in cases of phys- 
ical attack. Or it might be useful 
beside the bed of an invalid or an 
elderly person. Per-haps in this last 
application we might program the 
Stamp to sound a more melodious 
buzzer instead of the usual ear-split- 
ting siren, 

The system provides up to four 
sensor loops and the way each is used 
is optional. In the constructional 
details given later, three of these are 
used for normally-closed switches 
wired in series. It is suggested in Fig- 
ure | that the first of the loops is used 
for the main peripheral loop and the 
second for the Exit Door, which we 
may not want to activate during the 
day except when we leave the house. 
The third loop can be used for panic 
buttons, smoke detectors and other 
devices which need to be active day 
and night. The fourth loop could 
cover devices with normally-open 
switches, such as pressure-mats. 


OTHER INPUTS 

The arm/disarm input accepts a secu- 
rity key available only to the operator 
of the system. This is a coaxial plug 
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to STAMP 


containing a resistor of 
a particular value. The 
system is disarmed by 
inserting the plug. The Stamp reads 
the value of the resistor and, if this is 
correct, disarms the system, allowing 
you to reset the loop switches, to test 
the loops, or to open the control box 
to re-program the Stamp without trig- 
gering the alarm. Withdrawing the 
plug arms the system and it subse- 
quently sounds the alarm whenever 
a door or window is opened, fire is 
detected or anything else untoward 
happens, including attempts to switch 
off the loops, The intruder can not 
disarm the system by switching off 
the mains power supply because it 
has a back-up battery inside the con- 
trol case. 

The other input is the Exit Button. 
Pressing this before you leave home 
allows you to open the Exit Door (or 
any other door or window) during 
the next 30 seconds without trigger- 
ing the alarm. On returning home 
you have to press this button or dis- 
arm the system within 10 seconds of 
opening the door. 


OUTPUTS 
The control box has a flashing LED to 
indicate when the Stamp has been 
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armed. This is controlled directly by 
the Stamp's program so, if this is 
flashing, you know that the Stamp is 
on the alert. If the system is subse- 
quently disarmed, or its action is sus- 
pended as you leave the house, the 
LED goes out. The other output is the 
siren switch. The siren can be 
switched through a MOSFET wired 
directly to the Stamp. If you adopt 
this simple expedient, you will need 
to take special care to conceal the 
wiring between the control box and 
the siren. Otherwise the trespasser 
may cut the wire and prevent the 
siren from sounding. However, we 
describe a circuit to eliminate this, by 
providing the siren with an indepen- 
dent power supply. Then the effect of 
cutting the connecting wire is to turn 
the siren on! 


CIRCUIT DETAILS 


The circuit operates on 9 V DC which 
can be provided either by a 9 V plug- 
in mains adapter, a 9 V battery (6 AA 
cells in a battery box), or by the mains 
PSU backed up by the battery. The 
back-up system is recommended 
(Figure 2) and there is room for this 
on the Stamp's motherboard, When 
power comes from the mains PSU the 
output voltage is one diode drop 
below 9 V, about 8.3 V. The battery 
supply has two diode drops; this is 
necessary to prevent current being 
drawn from the battery when the 
mains PSU is on. If this goes off, cur- 
rent flows from the battery. The out- 
put voltage falls to about 7.6 V but 
this is still sufficient to drive the 
Stamp. 

The +5 V regulated supply from 
the Stamp is unaffected by which 
supply is in use. With the back-up in 
operation there is no way of discon- 
necting power to the system except 
by opening the contro] box and 
removing the battery-clip from the 
battery. Even then, if power is suc- 
cessfully turned off, the siren will start 
to sound, using its independent sup- 
ply (Figure 3b). 

The principle of the siren circuit is 
that it is actively held in the 'off' state 
by short-circuiting the gate and 
source of the MOSFET. The short-cir- 
cuit route is provided by a transistor 
in an opto coupler. As long as the 
Stamp provides current to the LED in 
the coupler, the transistor passes cur- 
rent which short-circuits the gate and 
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source. In the alarm condition, the 
Stamp output goes low, turning off 
the LED. The transistor no longer 
conducts, gate voltage is pulled up by 
Ry, the MOSFET is turned on and the 
siren or other audible warning device 
(AWD) sounds. We use a ready-made 
unit for the AWD because robust and 
very loud (100 dB or more) sirens and 
sounders are available at relatively 
low cost. Part of the system is pow- 
ered from the 5 V supply from the 
Stamp's own regulator. 

The arm/disarm circuit (Figure 4) 
makes use of the Stamp's ability to 
measure the time taken to charge a 
capacitor. The value of the resistor 
may be between 5 kQ and 50 kQ and 
you program the Stamp to accept 
only one particular value of resistor. 
The Exit button circuit (Figure 5) has 
a push-button, $3, either mounted on 
the control panel or hidden away in 
an inconspicuous place. The input to 
pin 5 of the Stamp is held at logic 
high (+5 V) except when the button 
is pressed. 

The loop interface circuits are on 
the main board, mounted just behind 
the control box panel so that the LEDs 
and the switches are accessible 
through holes cut in the panel. The 
‘armed’ LED is also on this board and, 
since this is the type with a built-in 
flashing circuit and able to operate on 
a5 V supply, it is connected directly 
to the output pin, pin 6 (Figure 6). 
The loop interface circuits are identi- 
cal (Figure 7), since the Stamp can 
be programmed to accept either a 
normally-low or a normally-high 
input. Each loop is operative (the 
loop is brought into the system) when 
the IN/OUT switch (S3-S,) is in posi- 
tion 1. If the loop has normally- 
closed switches there is a short-circuit 
between A and B and the voltage at 
the pin is held at zero, as long as all 
switches are closed. When any switch 
is opened, the pull-up resistor (R5—Ry) 
brings the pin voltage up to 5 V (logic 
high), This event is detected by the 
program and the alarm is sounded. 
The loop is switched out of action by 
putting the IN/OUT switch in posi- 
tion 2. The Stamp is then connected 


Elektor Electronics 7-8/97 


to STAMP 


¢ 
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to OV through Rg-Rj> and C3-C,, so 
that we have the same situation as in 
Figure 4. The Stamp is programmed 
to test each input pin before the sys- 
tem is armed, to register which loops 
are turned on and which are turned 
off. It repeats this interrogation fre- 
quently and, if the switches are 
changed while the system is armed, it 
turns on the siren as a warning that 
the system is being tampered with. 
The output level of the loop is indi- 
cated by a row of four LEDs 
(LED,-LED;) which are switched on 
or off by four MOSFET transistors 
(Q4-Q;). With a normally-closed loop 
the low output turns off the MOSFET 
and the LED goes out. This feature is 
useful for testing the loop, and oper- 
ates with the IN/OUT switch in either 
position. Before arming the system it 
is wise to check that all relevant LEDs 
are out. If any are on, it may indicate 
that a door or window has been left 
open accidentally. 

If the circuit is connected to a loop 
of normally-open switches (in paral- 
lel) it operates in the reverse sense, 
The output level is normally high and 
the LED is on. This is what we expect 
to find when checking the system 
before arming it. If any one of the 
switches is closed, the output falls to 
0 V and the LED goes out. 


OPTIONAL TAMPER 
SWITCH HERE IN 


Loop 
LOOP | 
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CONSTRUCTION 
Although the prototype was con- 
structed on strip board, a printed-cir- 
cuit board (not available ready-made) 
was designed for the convenience of 
many readers—see Figure 8. In the 
design, it is assumed that you use bat- 
tery back-up. If you do not, D;-D; 
must be omitted. Notwithstanding 
the PCB, the description in this sec- 
tion is based on the strip board. 

If you switch the siren directly, the 
opto coupler, OPT}, is not required. 

The board allows you to install up 


to STAMP 


RED 2's pins P1...P4 


ZVN4306A 
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to four normally-closed or normally- 
open loop. 

It is important not to confuse the 
connections to the +9 V supply with 
those to the regulated +5 V output 
from the Stamp. 

To avoid risk of accidental damage, 
remove the Stamp from its socket 
before working on the board; keep it 
in conductive foam or in the conduc- 
tive packet in which it was purchased. 

Mounting points are connected 
horizontally to the pins of the header 
and the in-line socket for the Stamp. 
The remainder of the points on the 
board are isolated, so connections 
must be provided above or beneath 


the board. 
7 te: 


i 
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Longer connections are provided 
by wires running on the component 
side of the board. Often the ends of 
these wires can be left long, passed 
through a hole then bent to lie close 
the under surface and carried along 
beneath the board to solder to adja- 
cent points. 

Points to be connected under the 
board (not shown in Figure 8) are: 
Ay~A3, De-Dz, De-Eg = Cri-Di, 
Cis-Cier Fis-Fig, Gg-Gio, Gg-He, 
Ly-Ly, Mg-Mg, Ly-Li¢ and My2-Mjq. 

We have provided an 8-pin d.ill. 
socket to the opto coupler. This allows 
room for a 6-pin or 8-pin opto cou- 
pler, if required, 

The siren circuit is very small so 
that it can be located inside the case 
of the siren. The siren may be 
mounted on the outside of the house 
in a purpose-made weatherproof 
enclosure. All wiring to the enclosure 
should be concealed. Often the wiring 
comes from a loft through a hole 
drilled in the brickwork, which 
emerges behind the enclosure. Many 
designs of siren enclosure include a 
tamper-proof switch. This switch is 
held closed when the cover of the 
enclosure is in place. If any attempt is 
made to unscrew the cover, the 
switch springs open. This happens 
before the cover can actually be 
removed. If fitted, this switch is wired 


in series with SKT,, as in Figure 3. 
The layout may be varied to suit 
individual systems. Possibly you may 
install only 1 or 2 loops to begin with, 
so some of the components may be 
omitted. The switch is a 4-pole cross- 
over switch, of which each switch 
consists of two switches operating in 
the opposite sense. To obtain cross- 
over action the pins on the right are 
soldered together in pairs. The 
switches are pushed to the right to 
bring a loop into the system and to 
the left to take it out. Other switching 
methods are possible. For instance, 
you could have four toggle switches 
mounted on the front panel of the 
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enclosure, with leads going to the 
appropriate positions on the board. 
Connection to the loops is by 3.5 mm 
jack sockets and plugs (mono). The 
sockets are arranged in a row along 
the bottom edge of the board. With 
the type of socket we used, one of the 
terminals projects vertically down- 
ward and ends in a tag for soldering. 
We cut off the wider end of the tag, 
then squeezed the remainder of the 
tag with pliers to make it narrow 
enough to pass through a slightly 
enlarged hole in strip JJ. Before sol- 
dering the socket in position we 
coated the lower surface of its body 
with adhesive, to fix it to the board. 
This arrangement means that the con- 
nections to the loops are inside the 
control box, and it is necessary to 
open the box to disconnect the loops. 
We prefer this to having the sockets 
accessible on the front panel of the 
box. 

A useful accessory is a 3.5mm 
mono jack plug with its terminals 
wired together, or possibly 2 or 3 such 
plugs, to make a shorting plug. A 
shorting plug is inserted into any of 
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sockets 3-6 to act as a closed loop. 
This is useful when debugging and 
testing the system. Jt is also useful if 
you provide sockets for loops that 
have not yet been implemented. 


Control box 

In general, this should be as small and 
inconspicuous as possible and prefer- 
ably installed inside a cupboard, per- 
haps locked. To give nothing away to 
the intruder, controls and indicators 
are not labelled. The Stamp mother 
board and the 9 V battery holder are 
bolted to the floor of the box. The 
main board is supported on four bolts 
behind the front panel. A slit cut ver- 
tically in one side of the box allows 
cables to pass in for connections to 
the main board. These comprise the 
(up to) four loops and the siren con- 
nection. You may also decide to 
mount the Exit Button externally. A 
suggested front panel is shown in 
Figure 9, 


Disarming key 

This consists of a 2.5 mm jack plug 
with a resistor soldered between the 
terminal tags. The resistor may have 
any value in the range 5 kQ to 50 kQ, 
If you intend to make a duplicate key, 
use 1% tolerance resistors of the same 
value in both keys, as the Stamp is 
able to measure resistance fairly pre- 


So 


cisely. It is possible to have keys of 
two different values. Then the Stamp 
can be programmed to recognise each 
key individually and to respond dif- 
ferently according to which key is 
inserted. For example when an 
‘overnight’ key is inserted and then 
withdrawn, the Stamp is pro- 
grammed not to allow the switching 
of the loops to be changed for, say, 10 
hours. We have suggested the small- 
est size of jack plug, so that it has a 
small socket which can be located 
inconspicuously on the lower side or 
rear of the control panel. Intruders 
may never discover the socket and 
will not guess what it is for. If you 
prefer a less mislayable key, use a 
6.5 mm jack plug and socket. 


THE SOFTWARE 


There is no one way to program the 
Stamp to control the security system. 
Much depends on how much of the 
system has been implemented in 
hardware and even more depends on 
just how you want it to operate. 
Below we suggest one program with 
remarks that will help you adapt it in 
various ways. First we describe some 
short programs for testing the system, 
to make sure that the circuit con- 
nected to each input/output pin is 
working properly. 


TESTING 


Connect the Stamp to your PC, using 
the lead supplied with the Stamp 
development kit. Switch on the 
power supply to the system; it is best 
to have the siren disconnected at this 
stage. Run ‘stamp.exe’, which is a pro- 
gram running under DOS and will 
normally be in a separate directory 
which, for convenience, may also be 
called 'STAMP". We will test each of 
the pins and its connected circuit by 
a series of programs listed below. You 
may like to type these in and save 
them before running the tests. 


Test 0 

This tests pin p0, the one that detects 
whether or not the correct disarming 
key is inserted in its socket. As well as 
testing the circuit, we are finding out 
the value by which Stamp will recog- 
nise the correct key. This involves 
making Stamp measure a value 
related to the resistance of the resis- 
tor in the key. It does this by measur- 
ing the time taken to charge the series 
capacitor up to a given level. We use 
the ‘pot’ command which has the 
syntax: 


pot pin, scale, variable 
‘Pin’ in this case is pin 0 and we will 


begin with an arbitrary ‘scale’ value 
of 128, which is midway in the per- 
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mitted range of 0 to 255. ‘Variable’ is 
the name of a location in which the 
result of the test is to be stored. The 
program is: 


“Test0 
pot 0, 128, b1 
debug b1 


end 


The ‘debug’ command is applicable 
only to programs being developed or 
tested on the computer. It causes a 
special panel to be displayed on the 
screen on which the value of b1 is dis- 
played. Plug the key into its socket 
and run the program. The aim is to 
get b1] to have a value of around 128. 
If the value of b1 is much less than 
128 increase the scale value and run 
the program again. Conversely, if bl 
is much more than 128, decrease the 
scale value. When you are satisfied 
that the value is close enough to 128, 
make a note of the scale value and the 
value of b1 obtained, Check values by 
removing the plug and reinserting it 


START 


SWITCH LOOPS, 
TEST LOOPS, 
ETC. 


FIND WHICH 
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SWITCHED IN 
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RESET STATUS 
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several times, testing each time to 
confirm that the circuit is working 
reliably. The values of bl should all 
come to within one or two units of 
each other. 


Test 1-4 

These test the pins which monitor the 
loops. The program for pin 1 is given 
below and programs for pins 2, 3 and 
4 are obtained by altering pin num- 
bers in the ‘pot’ and b2 = pin1 lines: 


Testi to4 

pot L, 60, bl 
debug bl] 

dirs = % 110000 
b2 = pin! 
debug b2 


For these tests the power is switched 
on and the peripheral or other loop 
plugged into its socket. Slide the 
selector switch for loop 1 to the left to 
take the loop out of circuit. Run the 
program. As above, the initial aim is 
to get b1 returned with a value close 
to 128. Raise or lower the scale value 
as before, then make a note of the 
scale value and the corresponding b1. 
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The fact that bl has a value greater 
than zero means that the pin is con- 
nected to the resistor/capacitor com- 
bination. This tells the Stamp that the 
loop is switched out of the system. In 
all tests of this program so far, we find 
b2 = 0, because the pin is at 0 V. 

Next, slide the switch to the right; 
plug in the normally-closed loop. The 
LED is off. Running the program 
gives b1 = 0 and b2 = 0. The value of 
bl indicates that the pin is no longer 
connected to the resistor/capacitor 
combination. This tells the Stamp that 
the loop has been switched into the 
system, but may be open or closed. 
Run the program with the loop closed 
and obtain bl = 0 and b2 = 0. Run 
again with the loop open to obtain 
bl = 0 and b2 = 1. The value 1 indi- 
cates a high logic level of +5 V. 

The same test applies to loop 4 or 
any other loop of normally-open 
switches. We take account of the dif- 
ferent action of the loops in the secu- 
rity programming, in which the alarm 
condition for normally closed loops is 
1, while that for normally-open loops 
is 0, 


Test 5 

Check the Exit Button by running this 
program twice, once with the button 
not pressed and again with the but- 
ton pressed: 


“Test5 

dirs = % 11000000 
bl = pind 

debug bl 

end 


With the button not pressed, bl = 1. 
With the button pressed, b1 = 0. 


Test6&7 
The two outputs are tested with the 
same program: 


“Test6&7 
high 6 
pause 1000 
low 6 

end 


This turns on the flashing LED for 10 
seconds. To test the siren, when p7 is 
connected directly to the switching 
MOSFET as in Figure 3a, amend the 
number ‘6’ to ‘7’. The siren sounds for 
10 seconds when the program is run. 
For a siren with its own battery, and 
controlled through an opto coupler 
(Figure 3b), amend ‘high 6’ to ‘low 7’ 
and ‘low 6’ to “high 7’. 


CONTROL PROGRAM 


Figure 10 is a flow chart of the first 
stages of the program, in which we 
assume that loops 1 to 3 are to be nor- 
mally-closed, loop 4 is normally-open, 
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and the siren is turned on by a low (0) 
output. The state of the circuit is held 
in an 8-bit status register, for which 
we use the byte named b0, which is 
bit-addressable. The settings of the 
bits are shown in the table. 

Bits 0 and 5 to 7 are not used in 
our program but are available for you 
to use. For example you might need 
to register if the system is armed or 
not by setting bit 0 equal to 1 on arm- 
ing and resetting it to 0 on disarming. 
The information stored in this bit 
could be used later in the program to 
select a particular action. Or you 
might use another bit which is set to 
1 when the smoke-detector is trig- 
gered. In the siren-sounding routine, 
the state of this bit could determine 
which of two sirens is sounded, or 
whether the siren is sounded contin- 
uously or intermittently. In this way 
the household would know if the 
alarm was the result of intrusion or of 
fire. 

The program begins when power 
is switched on and the Stamp is auto- 
matically reset. It returns to this state 
whenever the power supply is inter- 
rupted. The Initial stage clears the sta- 
tus register, sets the pins as outputs or 
inputs and, just to make sure, sets p6 
low (LED not flashing) and p7 high 
(siren not sounding, but remember to 
use ‘low p7’ if you are switching the 
siren directly). This is followed by a 
Wait stage during which the program 
continually monitors the key socket to 
detect if the key is inserted. 

When the key is inserted, the pro- 
gram runs on to the Setup stage, dur- 
ing which the operator switches loops 
into or out of the system. The rhom- 
boidal shape in the flowchart indi- 
cates that this is a manual operation. 
The loops may be switched in or out 
any number of times until the correct 
combination is attained. This stage 
also allows the loops themselves to be 
checked, using the loop LEDs to indi- 
cate if the correct low or high loop 
output is obtained. When all loops are 
set as required, the key is removed, 
and put in a secure place. 

Removing the key lets the pro- 
gram continue to the next stage. For 
each of pins 1-4 in turn, the program 
goes to subroutine ‘loopsin’ and uses 
the ‘pot’ command to find out if the 
loop switch is set to the loop output 
(position 1) or to the resistor/capacitor 
(position 2). This tells the Stamp 
whether the loop is switched in or out 
and the corresponding bits in the sta- 
tus register are set accordingly. 
Changes made to the switches later 
without the key being present will 
not be registered, so this feature 
guards against unauthorised chang- 
ing of the loop settings. If ‘loopsin’ 
finds that all loops have been 
switched out, the system is evidently 
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not to be armed and the program 
returns to the Initial stage. It waits 
there indefinitely until the operator 
re-inserts the key and switches on one 
or more loops. If one or more loops 
are found to be switched on at the 
end of this stage, the program pro- 
ceeds to the Armed stage and the 
LED begins to flash. 

The Armed stage (Figure 11) con- 
sists of a multi-stage program loop 
around which the Stamp cycles indef- 
initely. The operator may now let the 
control unit take over the care of the 
premises. The first task in the Armed 
loop is to check if the key is inserted, 
in which case the program jumps 
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INITIAL: 


back to the Select stage, where the 
LED is switched off and the status 
register is cleared ready for the loop 
switches to be reset. Otherwise the 
Stamp continues to the next stage in 
the Armed loop which is to monitor 
the Exit button. If this is pressed, indi- 
cating that someone wants to leave 
the house (or maybe someone already 
inside the house wants to admit 
someone), the program enters a 30 
seconds delay phase. The flashing 
LED is switched off during this phase, 
showing that it is safe to open the 
door. 

The next stage is to interrogate the 
loops to see if their settings have 
been changed since they were first 
set. The original settings are in b0 and 
are now copied to b5. This is done 
simply by making b3 equal to b0. If 
any of the other bits in the status reg- 
ister are in use, substitute “b5 = bO & 
30” using the AND operator to pick 
out the required bits. Now the current 
settings are read into b0, using 
‘loopsin’. On return from ‘loopsin’, 
the alarm is sounds if the new value 
of b0 is not equal to b5, the old value. 
However, to guard against small 
errors that sometimes arise with the 
‘pot’ command, the process is 
repeated 3 times and the alarm 
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sounds only if a difference is discov- 
ered on every repeat. If the alarm is 
not sounded, the next line restores b0 
to its original state. 

Finally, the state of the loops is 
read and compared with what is 
expected in the absence of an 
intruder. This routine includes only 
those loops which have been 
switched into the system. If the unex- 
pected is found, it indicates an 
intruder (or maybe someone has 
unthinkingly opened a window!) and 
the siren sounds. With the 4-loop sys- 


PROGRAMS 
The test programs are: 


‘Test 0 

pot 0,135,bl1 
debug bl 
end 


‘Test 1 to 4 
pot 1,60,b1 
debug bi 

dirs = %11000000 
b2 = pinl 

debug b2 

end 


‘Test5 

dirs = %1100000 
bl= pind 

debug bl 

end 


‘Test6or7 
high 6 
pause 10000 
low 6 

end 


tem set up as we have suggested, we 
expect to find loop 4 high and the 
others low. This is equivalent to a 
value of 16 in b4, If one or more of 
loops are 1 to 3 are excluded, they will 
return a zero value, so the expected 
value is still 16. If loop 4 is excluded, 
it returns zero and the expected value 
is zero for all. 

Figure 12 shows the alarm se- 
quence. First there is a 10-second 
delay. This allows time for a person 
to enter by the Exit Door and reach 
to the control box, either pressing 


It may be necessary to edit pin numbers to adapt the program to a particular pin. 


The control program is: 


‘Securel 

initial: 
dirs=%00111111 
bO=0:low 6:high 7 
wait: 


gosub key:if b1<128 OR bi1>133 then wait 1) 


pause 500 


setup: 


gosub key:if b1>128 AND b1<133 then setup 


1 gosub loopsin 

if bO=O then initial 
bO=b0+1 

high 6 


armed: 


gosub key: if b1>128 AND b1<133 then initial 
1 


input 5:if pin5=1 then inputs 
low 6: pause 30000: high 6 


inputs: 

b5=bO & 30:b7=0 
for b6é = 1 to 3 
bO0=0 
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the Exit button or inserting the secu- 
rity key. Obviously the control box 
should be concealed to prevent an 
intruder finding it in time. You 
could make this period longer, or 
maybe the Exit button could be hid- 
den close inside the Exit door 
instead of being mounted on the 
panel of the control box. Finally, the 
alarm is sounded, but to comply 
with local regulations, the program 
switches off the siren after a fixed 
period. The timing in this version of 
the program is 20 minutes or, more 


gosub loopsin 
if bO=b5 then repeat 
b7=b7+1 


repeat: 

pause 5 

next b6 

if b7=3 then alarm 

bO=b5 

b3=bO & 30 
dirs=%11000000:b4=pins & b3 
b5=0:if b3<16 then leave 
b5=16 


leave: 
if b4=b5 then armed 


alarm: 
pause 10000 


precisely, 18 times 65.535 seconds or 
19.7 minutes. 


SETTING UP 


When the program has downloaded, 
disconnect the power supply to the 
circuit and disconnect the Stamp from 
the computer. Install the circuit in the 
control box, if not already there, insert 
a battery in the battery holder of the 
control box and also in that of the 
siren, if a separate battery is being 
used. The program starts running as 


gosub key:if b1>128 AND b1<133 then initial 


1 


input 5:if pin5=0 then initial 


low 7 

for b6=1 to 18 
pause 65535 
next b6 

high 7 

end 


key: 


check:pause 20:pot 0,135,bl:pause 20:pot 0,135,b2 


if bl=b2 then same 
goto check 


same: 
return 


loopsin: 
for b2=1 to 4 


pot b2,60,b3:if b3>0 then done 


lookup b2,(0,2,4,8,16),b3 
b0=b3+b0 


done: 
next b2 
return 


8 


The numerals on the right are not part of the program but indicate references 


to the comments below: 


@. The scale values and limits allow a margin of 1 or 2 units in the results 
of ‘pot’. The routine repeats until two identical consecutive readings have 
been obtained. Values will need to be changed if the resistor in the key 


is changed. 


®. The 30000 can be varied to obtain different delays. 
®. See discussion in text. Other loop arrangements will need other logic in 


these lines. 


Elektor Electronics 7-8/97 


soon as power is supplied. Press the 
reset button on the mother board to 
ensure that glitches have not let it get 
beyond the Initial stage. 

Plug in the loop leads and siren lead. 
Close the box. 


OPERATING 
INSTRUCTIONS 

Follow this routine whenever you 
want to activate the system, or change 
the settings of the loop switches: 

1 Insert the security key in its 
socket. 

2 To check state of the loops, slide 
switches to the right. LEDs of loops 
1 to 3 should be off, LED of loop 4 
should be on. If incorrect, investigate 
accidentally open doors or windows 
or something wrong with other sen- 
sors. 

3 For loops that are to be switched 
in, set its switch to the right. Set oth- 
ers to the left; if Loop 4 is switched 
out, its LED goes out. 

4 Remove the security key. 

5 The LED begins to flash after a 
few seconds (the loop 4 LED flashes 
off briefly and regularly too), indicat- 
ing that the system is armed. 

To change settings: reinsert secu- 
rity key, wait until the LED stops 
flashing, make changes, remove key. 

To leave house: press and hold Exit 
Button until LED stops flashing. 
Leave house and shut door within 30 
seconds. 

On return to house: within 10 sec- 
onds of entering, either insert security 
key or press and hold Exit Button 
until LED stops flashing. 

If siren sounds: take appropriate 
action. If this is a false alarm (unlikely, 
unless your sensors are too sensitive) 
open control box and press the reset 
button on the mother-board or 
remove power supplies, 
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ELEKTOR ELECTRONICS ITEM TRACER 1985-1996, 

jon 3.5-inch flappy disk) 9660-1 10.00" 16 0° 

* reduced price for subscribers Normal price: £11.75 or 
US819.00. 

ELEKTOR ELECTRONICS HELP DISK. 

Component colour bane decoger software on 

4.5-inch disk 966022-1 1.00 20.00 

ELEATOR ELECTRONICS SOFTWARE COMPETITION 

1996/97 ON CD-ROM, 

Compilation of all prize-winaing ertries, Disclamer 

software Supphed as 13, not 


tested by Elektor 97 6003-1 1575 31,50 
JULY/AUGUST 1997 
RGB Video Amplifie: 974a042-1 12.25 24.50 
Digital Tester gragi2-1 13.26 26.50 
S74 Switth-Mnge 

gi ala4-1 750) 16.00 
Selective Door Chime 974025-1 850 17.00 
Yamaha D850XG 
Stand-Alone Sounde arc 974700-1 1475 29.50 
Stamp Security Not Available 


Not Available 
Not Availaple 
Not Availaple 
Mot Available 
Nol Available 
Not Available 
Nel Avarlatle 
Not Available 
Not Available 


Musical Toucn- Tones 

TOXS. Aeplacement 

Maing On Delay Circust 

Li-lon battery Capacity Meter 

PC Controls Fwo Stepper Motors 
7BXX Aeplacement 

Supply Soard for Gutput Arnplitiers 
Single-Range Function Generator 
Adaptive Windscreen Wiper Control 


JUNE 1997 
80059" Microcontroller Boare: 


-PGH, GAL & EPROM g70o4a-0 538.00 176.06 
- GAL only 976511-1 14.75 29.50 
- EPROM only 976519-1 14.00 2500 
- Monitor doc file on cisk = OF GOH8-1 8.00 16.00 
Remote Control by Telephone 

> program an disk OF BU0S-1 8.75 17.50 
Earth Leakage Meter OF 0046-1 13.25 26.50 
Gar Battery Monitor 725-1 16.50 33.00 


Voltage-Temperature Convener 
for OMMs 
RC Biswitch 


Not Available 
Nol Available 
ss nmiee euents 

Multi-Purpose LOO with 68H 11: 


- control pragram on disk = SF 6009-1 11,25 22.50 
Mini PIC Programmer anc 

Mini Programmer for Serial EEPROMS: 

- PIPO2 software on disk S76007-1 §.60 17.00 
MAY 1997 

Long-Distance IO Link 

- PGB & 8962051 970041 -0 20.25 50.50 
- #902051 only aveode-1 9 17.50 38.00 


Advanced LCR Mater: 


- PCS, GAL + EPAGM Q70R28-C = B2.50 125.00 
- GAL 2210 O76506-1 26.50 53.00 
~ EPROM 270512 O76507-1 T75 13.50 
- Fron! panel fail 97 0028-F 13.50 27.00 
Wideband Millivolt Meter g70021-1 21.50 43.00 
Compact Power Amplifier  §70043-1 19.75 39.50 


y 


1997 


PAST ISSUES 


Past issues, if available, should be ordered from 
Worldwide Subscription Service Ltd, Unit 4, Gibbs Reed 
Farm, Pashley Road, TICEHURST TNS 7HE, England, 
telephone (+44) 1580 200657, tax (+44) 1580 200616, 
email wws.subscription@virgin.net, 

Prices of past:isswes {except July/August and December), 
including postage for single coplas, are £3.20 (UK and 
Eira); £3:50 (surface mall outside UK); £3.75 {air mail 
Europe}; £4.50 (airmail outside Europe), Prices of past 
July/August and December issues, including postage for 
single copies, are £4.25 (UK); £4.50 (surface mait outside 
UK}; £4.75 (airmail Europe); and £5.50 {airmail outside 
Europe), 


PAST ARTICLES 


For information on past articles, please contact our Editorial 
and Administrative Office in Dorchester (telephone 01305 
250095: fax 250996, email elektor_uk@compuserve.comt. 


Article tithe Orders Price 
or item - code £. US$ 
APRIL 1997 
Digital Thermostat 
- PCB & PIG16C54 960112-C = 92,50 65.00 
- PICT6CS4 only 966501 -1 22.50 45.00 
uP-Contiollad Mixer Board 
- PCB & §T62125B ST MM37-C 32.75 65.50 
- STB2T25B only 97 6502-1 24.50 49.00 
- PGB only 970037-1 10.25 20.50 
- Software on floppy (AD) = 9?6006-1 6.00 12.00 
PIC-controlled Home Alarm 
System: 
- PCB & PIC 16084 970022 30 61,00 
- PIC1GC84 only 976501-1 23.50 47.00 
General-Purpose Power 
Supply 9700361 850 17.0 
Opto-to-Coaxal Aucio 
Converter g70031-1 700 14.00 
MARCH 1997 
EPROM Programmer 
PCR 970010-1 15.75 91,50 


- Control software on CD-ROM no. 976003-+ 


Battery-Operated AF Signal 


Generator SFO003-1 10.00 20.00 
FEBRUARY 1997 
Battery-Powered Preamplifier 960094-1 34.25 68.50 


Motor Controller for BiG 
Models: 


- PCB and PICTEC84 g60095-€ 22.75 4550 
- PIC 18084 only 966510-1 19.00 38.00 
68HC11 Emulator: 

- PCB and disketle 970008 -C 28.00 56 00 
- Diskette only S76002-1 11.25 2250 
Simple Inductance Meter: 

- PCB and diskette g70009-C 15.25 30.50 
- Diskette only S7BO01-1 6.75 17.50 
Talking Doorbell S70015-1 10.50 21.00 
JANUARY 1997 

Dongle Switch 960089-1 7.00 14,00 
Magnetic-Field Meter 9601060-1 6450 17.00 
Soeec Regulator for Model 

Trains 960119-1 $50 17.00 
Monitor to Guard Fridge 

Temperature 970001-1 800 16.00 
DECEMBER 1996 

20-bit A/D converter 960110-1 22.75 45.50 
Remote Control by Visib'e 

Light S60068-1 11.00 22.00 
Primary-Battery Refresher 96D106-1 11.25 22.50 
S232 data acquisition card: 

- PCB. PIC and disk 960098-C 8635.50 71.00 
- disk only 966019-1 7.25 14.50 
- PIC 16074 only S66508-1 = 24.00 48.00 
Hands-On Electronics: 

-MicroCap ¥ demo cisks = 966021-1 400 800 
Electrically Isolated 26 bus 964062-1 6.75 1350 
Centronics WO Port 964116-1 18.50 37.00 
Mains Voltage Gleaner 964070-1 10.25 20.50 
NOVEMBER 1996 
ST#2 Programmer: 

- PCB and disk 960105-C = 16.75 30.50 
- PGB only 960105-1 1276 25.50 
- disk only 986014-1 6.00 12.00 


infra-red RS232 Link 


- PCB and disk 960107 -C 
- disk only (Temic files) 966020-1 
Steam-Engine-Noise- 
Generator SB0087-1 
OCTOBER 1996 
Video Test Chart Generator 
- PCB, EPLD. EPROM ard 
disk 9676-6 
- EPLD EPM7032 966507-1 
EPROM 276040 966507-2 
- Disk only SBGO11-1 
Mini Flash Programmer; 
- PCB and software {disk} S60078-C 
- Software only (disk) 966015-1 
Mini Meta! Detector 960075-1 
Darkroom Timer 960086-1 
Sampling Rate Converter 
- PCB and STH2T10 $60093-C 
- 5762710 (1C2) 966511-1 
Thrifty Crysta! Oven 460071-1 
Flectric-@ulb Tester 960091-1 
Multi-Purpose Pascal 
(0 Unit (disk only} 966019-1 
SEPTEMBER 1996 
Digital max’min thermometer 
- PCB and ST62T10 960010-C 
ST62710 [IG1) 956515-1 


Stancby Unit tor Ty Economy 960063-1 


Digital Compass 960085-1 
RS232 Interface far 4’D 

Converter ICL7 106 

- software on disk 966016-1 
JULY/AUGUST 1996 

Continuity Tester UPBS-1 
Symmetrical Power Supply UPBS-1 
Sound-to-Light Unit 980123-1 
50-MHz dm Meter 964039-1 
Precision Battery Capacity 

Meter 964040-1 
Video Facer 964076-1 
Inexpensive AD/DA Converter: 

- PGB 964092-1 
- software on disk S66009-1 


Single-Chip AF Power Amp 964104-1 


JUNE 1996. 
Flash EPROM ProgramimerEmulator 


-PCB « disk 960077-C 
- disk anly Sbh017-1 
Keyboard Swap for PCs 950126-1 
Stop that Barking! 960035-1 
23cm ATY preamplifier 960072-1 
Pulsimeter 960005-1 
Burglar Deterrent Lighting = 960022-1 


MAY 1996 

Intelligent Chess Clock: 

- PCB + 87051 (946645-1) 950097-C 
- 87051 946645-1 
Digilal VU meter (2): 

- PCR + EPROM (946646-1) $50098-C 
- EPROM 270512 946646-1 
Surround Sound Subwoofer {3} 


-PCB 960049-1 
Mains Voltage Monitor: 

- PCB 960055-1 
64-Channe| Logic Analyser: 

- main PCB. disk &IC41C5 960033-C 
- 104 ispLS016 966506-1 
- ICS ispLsh1016 966506-2 
«disk (MSDOS) 966019-1 
- extension PCBs (3-in-1) = 960033-2 
~ 1020/30/40 ispLS016 = 966506-2 
APRIL 1996 

U2402B Battery Charger 951 20-1 
Centronics Interface: 

- PCB + disk (966008-1)  960052-C 
- Disk (Windows) SB5008-1 


PC-Controlled AF Analyser (2) 


- Software on disk 966001-1 
MARCH 1996 

Howseplant Buzzer 

(4on 1 board) 9501181 
PiC-Controlled RDS Decader 

- PCH + PIC (966505-1) 960050-C 
- PIC 16084 966505-1 


FEBRUARY 1996 
SIMM tester: 
- PCB + EPROM (9668503-1)960039-C 


- EPROM 966509-1 
2C Interface for Centronics 

port 

- PCB + disk (946202-1) 950063-0 
- control software on disk 946202-1 
Passive VU meter 950124-1 
Icy Roads Warning 960029-1 
JANUARY 1996 

SECAM-to-PAL Converter = 950078-2 
Passive Component Tester 

- PCB 960032-1 


- Frant panel toil 


DECEMBER 1995 


15.25 
8.00 


La 


30.50 
16.00 


79.50 159.00 


39.00 
24.50 
7.00 


21.26 
12.25 

5.60 
11.76 


28.75 
19.50 
12.75 

600 


700 


27.76 
19.50 
12.00 

750 


78.00 
49.00 
14.00 


42.50 
24.50 
11.00 
23.60 


87.50 
39.00 
25.50 
12.00 


14.00 


65.50 
39.00 
24.00 
15,00 


12.00 


3.90 
4,90 


Oo 19.00 


33,00 


16.00 
24.50. 


Not Available 


7.00 
6.25 


28.25 
10 25 


20.25 
12.25 
§.00 
6.00 


29.00 


13.75 


14.00 
12.50 


66.00 
32.00 
14.00 
11:00 
6.00 
20.50 
14.50 


83.50 
61.50 


72.00 
35.50 


33,50 


14.50 


5 149.50 


55.00 
5.00 
14,00 
44.00 
55,00 


24.00 


32.50 
12.00 


52.00 


20.00 


55.00 
45.50 


$6.50 
20.50 


40.50 
24.50 
16.00 
12.00 


58.00 


27.50 


Not available 


‘TSV Power Supply 950106-1 
Practice Amplifier for Gultars 
“PCB + front panel foll 950016-C 
PCB only 950016-1 
Front panel for only 95001 6-F 
Smart Transistor Tester: 
- PCB + PIC (956502-1) 950174-C 
PIG 16C71 956502-1 


Micro PL System 
-PCB + B7C750/51 1 disk 950098-C 


- 87075051 956514-1 
- control software on disk = 9$56016-1 
Active potentiometer 954099-1 
Descaler 954080-1 
Active probe 954099-1 
Two-way PC-Fax Interface 954093 


NOVEMBER 1995 
PIP Processor 
-PCH + 87C5t (956505-1) 960078-C 


- B7C51 956505-1 
FM noise squelch AS00891 
PA 300 power amplifier 950092-1 
Jogging LED 950112-1 
Oscilloscape prescaler 950115-1 
OCTOBER 1995 

MatchBox BASIC computer: 

- PCB, 87051. disk and 

Quick Retarence Gard 950011-C 

- 87051 956508-1 
- Course diskette (DOS) 956009-1 
- Quick Reference Card 950011-P 
SEPTEMBER 1995 

Hi-Fi headphone amplifier  950064- 
Dongle safe 

- PCB 9S0069-1 
- GAL IG2 (20V8) 956511- 
- GAL ICH (2210) 9565 12-1 
HexFET power amp upgrade: 

- amplifier PCB 93012 


Copybit eliminator update: 

PCB + MAGH (956504-1) 950084-C 
- MACH IC 956504- 
RF tone-dip oscillator 950095- 


JULY/AUGUST 1995 

Simple RF function generator 960023- 
Alkali’ Manganese battery 

charger S50065- 
Fast charger for NiGd batteries: 


-PCB + STB2T20 (956509-1 

- ST62T20 9 

Simple 0) card 954074- 
JUNE 1995 

Function generator 

-PCB 95 0068-1 
- Front panel toil S50068-F 


Electronic sandglass. 
- PCB + B7CT51 (946647-1)950052-C 


- #70751 $a664?-4 
Auto light control 950050-1 
VGA distributor amplifier =950017-4 


MAY 1995 
MIDI analyser: 
- PCB + EPROM (956507-1)940020-C 
- EPROM 956507-1 
Programmer tor 87/89051 
series Fash controllers: 
> PGR + EPROM (956644-1)950003-C 
- EPROM 946644-1 
Programmable sine wave generator 
- PCB + disk (956005 950004-0 
- pantrol software on disk — 956005-1 
NiGd batlery-quality tester 
- POA + ST62715 (956506-1)950051-C 


- S162715 956506-1 
APRIL 1995 

Sun blind contral 980035-1 
Function generator: 

- PCB + front panel fail 9§0044-C 
- PGB 950084-1 
- Front panel {orl 950044-F 
Stepper motor control: 

- PCB + 8751 + disk §50038-C 


9.25 


30.50 
W25 
13.75 


44.25 
35 50 


4450 
24.50) 
10,0) 
9.50 
5.76 
a. 
W765 


16.50 


61.00 
34.50 
27.60 


86.50 
71,00 


89 1) 
49.0) 
20 10 
19.00 
11.50 
16.04 
23.50 


54.75 109.50 


30.75 
10.75 
19.75 

7.00 
27.75 


61.50 
21.50 
39.50 
14.00 
56.50 


59,25 114,50 


44.50 
11.50 
1.25 


5.00 
12.76 
10.00 
TRS 


12.75 


29 50 
VTS 


26 26 
ah) 
475 
10.00 


34.25 
16.75 


26.50 
14.50 


19.50 
12.25 


25.25 
14.25 

9.25 
2175 


11.00 
12.50 


87.00 
24.00 
6.50 


10.00 


25.50 
20.00 
29.50 


25.50 


41.00 
74.00 
10,50 


15.00 
13.50 


45.50 
20.50 
23.00 


69.00 
35.50 


52 60) 
45.50 
950 
20.00 


66 of) 
33 60 


53 00 
29.00 


39.00 
24.50 


50.50 
36.50 
18.50 
49.50 


22.00 
25.00 


50,79 101,50 


For availability of alder slems, please contact our 


Dorchestee office. 
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Price £2.95 +P&P (£1.50 UK; . £2.00 outside UK} 
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selective door chime | 


This circuit is for thase af you who 
have a door bell switch installed on 
the front as well as on the rear door. 
Fine. bur when using a single (very 
louct) bell or chime, you never know 
which door to answer, 

This problern ts solveel by the present 
circuit which car be set te praduce 
either two or three chime sounds. If 
you build two af these circuits, the 
one at the front door is set to pro- 
duce, say, two tones, and the ane at 
he rear door, three tones. [tis even 
possible ro couple the nwo circuits via 
erminal °C:’ on the boards. This may 


be useful in large premises because it 
i enables both chimes to sound irre- 
speciive which doorbell switch is 
sushed, In other words, the front 
coor loudspeaker may produce a bwo- 
one chime sound co indicate that you 


need to answer the rear door, 

H The vircuit is based on the Siemens 
| SAFO800, a three-tone chime IC 
| with an on-chip integrated audio 
| amplificr, The chime Irequencies are 
determined by the oscillator fre- 
quency of the chip, which, in turn, 
depends on the value of the RC com- 
hination connected to pins 5 and 6. 
The loudspeaker volume is likewise 
set with a combination of a preset 
and a fixed resistor, here. RA/PL ar 
pin +. The trigger inputs af the IC, 
El and E2, determine the number of 
chime notes generated by the IC, as 


follows 5V 
EI 12 mode 

‘) t 3 tones met 

GONDn.c¢ t 2 tanes : ate 

s GNDync. | tone 


where { indicates a rising edge. 
On ane board, install links 1-2 and 
3-4 on pinheader K2 ta select two 


s 
tones. On the other board, links 2-3 c 
and 4-5 are installed 10 select three 
tones, S1 


Rose 


SAES800 
Cosc 


Fach board has a simple rectifier and 
regulator circuit which allows it to be 
converently powered from an inex- 


IC1 = 4093 


pensive ac. ourput mains adapter. 
The quiescent current consumption 
is ol the order of 9 mA. Ar the maxi 
mum sound volume (set with PL} 
this rises to about 400 mA. 

{you decide to link the tront and 
rear door chimes, you have to install 
jumper JPL on both boards, and run 
a cable with ar least two wires to 


"E" = External 
5V 


Ic1 


interconnect the “Cand ground (0) ~ 
emmunals of the two units. Alterna- 
ively, use a three-wire cable, and 
eed the “++° voltage of one unit to 
he “++ terminal on the other. In 


| 


B40C1500 


974025 - 11 


cuneate Sehietted 
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COMPONENTS LIST 


Resistors: 

Ri,R2 = 1kQ 
R3,R4,R7 = 10kQ 
R5 = 4MQ7 

R6 = 4kQ7 

Pt = 47kQ preset H 


that case, you may omit the rectifier 
on the daughter board, and power 
both units from a single mains 


Capacitors: 

61,02 = 10nF 

C3 = 4nF7 

C4 = 10uF 63V radial 
C5,C6,C7,C10 = 100nF 
C8 = 1000uF 16V 
C9-= 1000uF 6V 


adapter. 
The loudspeaker should be a minia- 
ture rype rated at about | ware, and 


79xx replacement 


| 
if 
sagt 


Elektor Electronics 


The circuit shown in the diagram 
may prove useful when a 79xx volt- 
age regulator needs to be replaced by 
a better quality type for which there 
is not enough space. It may also 
prove useful when a slightly diflerent 
voltage is required. 

The replacement circuit is based 
on a Type LM337 regulator from 
National Semiconductor. The IC and 
the three requisite external compo- 
nents are fitted on a tiny PCB whose 
terminals coincide with those of the 
terminals of a 79xx device. In other 
wards, the board fits exactly where 
the 79xx used to be — it is, however, 
slightly higher. 

The 1.M337 oilers three advan- 
tages over a 79xx: (ad the mpple sup- 
pression is better, (b) the input velt- 
age range is larger, (¢) the ourput 
vollage can be arranged at any 
desired value with the aid of nwo 
standard resistors. 

The resistors are calculated by 
Uy = Uy, fl + BYR). 

In case of the 1M337, Uys. is 1.25 ¥ 
The values of RF} and Ry must 
ensure that the ourput current does 


7-8/97 


ne = Oe 


974025-1 


Semiconductors: 

B1 = B40C1500 

D1 = 1N4001 

IC1 = 4093 

IC2 = SAE0800 (Siemens) 
C3 = 7805 


Miscellaneous: 
K1,K3,K4 = 2-way PCB terminal 


weather-resistant if necessary. A sug- 
gested type is the Monacor‘Monarch 
SP-15 which has a plastic cone and 


Parts list: 


Resistors: (U, = ~-15.3 V): 
Ry = 2702 
Rp = 3.0kQ 


Capacitors: 
Cy = 10 pF 63V 


Integrated circuits: 
1, = M337 


not drop below 3.5 mA. With values 
as specified in the diagram, the out- 
put voltage is 15.3 V and the quies- 
cent current is 4.6 mA. 

The 1.M337 ean provide ourput 
currents of up to 1.5 A. It may be 
necessary. depending on the dissipa- 
tion, to mount the IC on a small heat 
sink, 

Although net shown in the cia- 
gram, the IC needs decoupling 
capacitors of 2 100 nF at the input 
and ] uF at the output. Since these 
are also required for the 78xx, it is 
assumed that these capacitors are 


already present, 


(Giesherts -— $74074| 


73 


block, raster 5mm 

K2 = 5-way SIL pinheader 

Ls1 = mini loudspeaker, 82 

JP1 = 2-way pinheader with 
jumper 

$1 = doorbell switch 

Printed circuit board, order code 
974025 


achieves a sound pressure level of 
96 dB at 1 watt. 


974074 - 11 


The delay is intended to switch on the 
mains to heavy loads graduatly to 
ensure that the switch-on current 
remains within certain limits and to 
prevent the fuses from blowing, The 
elements that cause high currents at 
switch-on are, for instance, the elec- 
tralytic capacitors in the power supply 
of an output amplifier, Since these are 
not charged at switch-on, they consti- 
tute a virtual short-circuit on the sup- 
ply lines. The current can, however be 
kept within limits by inserting the pre- 
sent delay circuit berpween the mains 
outlet and the transformer primary, 
The amplifier is then powered in nwo 
stages: in the first instance, the current 
is limited by a number of heavy-duty 
series resistors; a second later these 
resistors are shunted (short-circuited) 
by a relay contact. 

In the diagram, Ry-R; are the 
heavy-duty series resistors, each with 
a value of LO Q and rated at 5 W. 
hey limit the switch-on current to 
about 5,5 A 

The relay is a type whose contact 
is rated at 2000 VA, which will be 
sufficient in most cases. Its supply is 
derived directly [rom the mains via 
potential divider Ry-C-By-relay coil 
The resistor, Ry limits the current at 
switch-on, alter which C, limits the 
current in normal operation to about 


* see text 


20 mA, The delay 


time is determined 


hy electrolytic capacitors Cy and C 


in parallel with t 


ime may be a 


he relay. The delay 
tered by suitably 


changing the value of one or bath of 
these capacitors. 

Far salety’s sake, the board also 
has provision for a mains fuse, Fy. 
The rating of this depends, of course, 
on the current drawn by the load. 


Rel = V23057-B0006-A201 


tr should be noted that in the Parts list Miscellaneous: Fy = see text 
case af a double-mono stereo ouput Ky, Ko = 2-way terminal 
amplifier (with separate power sup- —_- Resistors: block, pitch 7.5 mm Capacitors: 
plies) each of the mono amplifiers Ry, Ro = 470 kQ B, = B250C1500, round C; = 0.33 uF 250 VAC, met 
must be given a mains-on delay. Rg = 220 Q Re; = contact rating 250 V, allized paper 
AAs mentioned earlier. the values Rg-Ry = 10. 0,5 W 8A, coil 24 V, 1200 2 Ca, Cg = 470 uF 40.V 


af Ry-R; reler to a switch-on current 
of about 5.5 A. If the power rating of 
the load is lower than 200 WA, it is 
advisable to use resistors with a 
slightly higher value, 

Note that Cy) is a metallized 
paper type, which is designed spe 
cially for mains voltage applications 
and meets stringent regulatory 
requirements. 

Finally, at all times bear in mind 
that the circuit is connected to the 
mains, so do not touch anything inside 
the unit during operation and make 
sure that all wiring is safe and secure. 


[Giesberts - 974078] 


ee 74 


“se 
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Li-lon battery capacity meter 


This little circuit exploits the fact that 
the remaining capacity of a Lithium- 
lon {Lilon) rechargeable battery is 
virtually proportional to the battery 
voltage, 

When discharged with a constant 
current a single Liton cell is marked 
by an almost linear voltage decrease 
from about 4.1 ¥ (fully charged) 
down to about 3.5 V (10% charge 
left}. So, all you need to measure the 
battery capacity is an accurately 
defined, small, voltage window with 
aspan of 3,5 to 4.1 volts, and a cali- 
brated voltmeter or equivalent circuit 
providing a percentage readout. 
Li-lon batteries usually come in one 
ol three shapes: single-cell (4.1 V), 
clualcell (8.2V9 and three-cell 
(12.3). The indicated voltazes 
apply to fully loaded batteries. The 
12.3 ¥ block is « particularly popular 
ype as it is olten used in cam- 
vorders. The BI-I.1 block as used in 
Sharp camcorders is probably the 
best known. 

This tester us suitable for all three Li- 
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lon battery types mentioned above 
The number of cells of the battery to 
be tested is set with slide switch S| 

A conventional resistor ladder is used 
to reduce the battery voltage to a 
level which is suitable for applying to 
the input of IC], an inteyrated ADC 
with direct LED outputs 

Although the operation of the 
TSM39341 is similar to that of the 
familiar 1.M3914, a majer difference 
is the LED array which is internal to 
the chip. 


drive 


p> 1v25 
G> vias 


The TSM 39341 is wired to drive the 
10, LEDs in ‘har’ made (as opposed 
ta ‘dot mode). The LED drive cur- 
rent is set to about 1.3 mA per LED 
by RE and R2. 

Resistor RF is necessary to flag ‘all 
clear’ to the output protection circuit 
built in the Sharp BT-I.1 battery, 

The circuit is simple to adjust: con- 
nect a tully charged Li-lon battery, set 
the slide switch to the appropriate 
range (4.1 ¥ 8.2 V er 12.3 V). and 
adjust PL until che ‘LOO%" LED just 


eB 
\-LLopz6 


(©> 1v135...1v25 
(D> 3v7..avi 


(i 
e¢ 


J 
PEERLESS 


“vow te te We ote We ty 


cs 


TSM39341 


(> 7v4...8v2 
(F> 11v1,..12va 


graord - 14 


lights, 

Unfortunately, the printed circuit 
board shown bere is net available 
ready-made through the Readers 
Services, 
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COMPONENTS LIST 


Resistors: 

R1 = 1kQ 

R2,R7 = 10ke2 

R3 = 27kQ2 

R4 = 68kQ 

R5,R6 = 100kQ 
P1 = 5kQ preset H 


Capacitors: 
C1,02 = 100nF 
C3 = 22uF 25V radial 


Semiconductors: 
IC1 = TSM39341 (Farnell order 
code 324-012) 


Miscellaneous: 
$1 = slide switch, PCB mount, 3 
positions, 2 rows of 4 contacts. 
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ital tester 


Normally, a flexible ground wire is 
taken trom wares 19/20 and con- 
nected to ground of the circuit under 
test, While the +5 V wires are not 
used, Alternatively, the tester may 
power the circuit under test via the 
+5 V wires, burt only if it is capable 
af sourcing the requisite current, 

As pin 8 of the IC under test will 
usually be at ground potential, the 
corresponding input line may be tied 
to ground permanently with the aid 
of jumper JP1. 

The common junctions of resistor 
arrays RI and R2 may be tied to 
ground or +5 ¥ depending on the 
type of logic circuit you are checking 
out, For regular TTL, set JP2 = +, 
for CMOS, set JP2 = —, 

Current consuniptien of the tester is 
greater than 30. mA with all LEDs on, 
The minimum direct volrage applied 
to power socket K2 is 8.5 V from a 


small mains adaptor. 


ir 2-F Velckampi 
The tester provides 16 LEDs 
arranged on the board in the shape 
af a Lé-pin DIL package. Each of 
these LEDs indicates the logic level 
present at the corresponding pin of 
the logic IC whose function you wish 
to examine. This is achieved by ple 
ing. a TO-way test clamp an te the 1 


a 
< 


IC3 = 74HCT14 


10)! |63¥ 


ax 100k 
under test, ancl lecding the logic lev 


els lo the present tester via a 20-way 
flatcable, Obviously, as the (comer) 
supply pins of the IC under test are 


+ & 
Heo © 
I 


al 
also included, the relevant indicator > 
LEDs will show a permanent logic 0 > 
;. 5 pe. Mae = “ 
for the Vss or GND pin, no. 7 or 8, ! ul = 
; : iba F 2 p2 es 
and a logic 1 for the VdeVee pin. é ag 
at 
no. 1+ or 16. 4 = 
The circuit consists of two clocked 5 oo 
; ; — 
actal bistables, latches type SPS 
FAUC S74. Lach latch drives a LED - 
via a current limiting resistar (R19 
; aah. Tus ant af tacts lees Ic2 
through R34). The set al logic levels ax 100k 74HCTS74 


at the latch inputs is relreshed with 
the aid of a common clock signal 
suppled by a nvo-gate Iree-running 
RC oscillator built around [3a anc 
IC3b, Patentiometer PL allows the 


ae 


Le 


refresh Irequeney to be adjusted to 
any value between about 1.2 ancl 
1250 Hz. The “display refresh’ gives 
the user an idea abour the funetion- 
ing of a suspeer IC, and allows 
himvher to craw up elementary truth 


VOVVEVTTT ETE 


tables. 
Apart from the 16 logic levels the tla 
cable between the tester and the cit- 
cuit under test also carries the +5 ¥V 
supply voltage (pins 17/18) and 
around (pins 10/20}, The relevant 
four wires are separated from those 
connected ta the 16-way DHT. clamp. 


974012 - 11 E 


A 78 Elektor Electronics 7-8/97 7 


Se 


| & 


L-2 Lorde 
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This simple filter ensures that TT]. 
signals are translerred within a certain 
frequeney range, though at half their 
original frequency, Below and above 
this range, the lilter output is a stable 
logic level, 

The square wave signal at the 

input is delayed by networks Ry-C- 
and R3-€y. Accordingly, alter a brief 
delay, a logic 1 at the input appears 
at the output af bath gates in the 
4093, whereas, owing to the use of 
diodes, the transler of a OQ is not, or 
hardly, delayed. Provided the circuit 
t up correctly, its eperation is as 
follows, 
Well below the cut-off paint, the 
clock as well as the JK signal are 
delayed. The delay of the JK signal is 
somewhat longer, however, owing to 
network Ry-Cy. 


is § 
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BAT85 


The data at the JK inputs written 
by the bistable at the leacling edge of 
the clock signal is low, The ourputs 
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IC1 = 4093 
IC2 = 4027 
974091 - 11 


then remain stable. 
Just below the cut-off point, net- 
work Rj-Cy can no longer follow the 
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COMPONENTS LIST 


Resistors: 

R1,R2 = 100k 8-way SIL array 
R3-R18 = 22k 

R19-R35 = 1k 

P1 = 100kQ linear potentiometer 


Capacitors: 
C1,C2 = 10uF 63V radial 
C3,C4,05 = 100nF 


Semiconductors: 

D1-D16 = LED high efficiency 
017 = 1N4001 

101,102 = 74HCT574 

IC3 = 74HOT14 

IC4 = 7805 


Miscellaneous: 

JP1 = 2-way pinheader, 1 jumper 

JP2 = 3-way pinheader 1 jumper 

K2 = mains adaptor socket, PCB 
mount 

K1 = 20-way boxheader or pin- 
header 

Printed circuit board, order code 
974012-1 


signal. The leve} at the input of IC), 
is then dow and that at the JK inputs 
a IC, is high. 

Since the clock signals continue 
to be translerred, the bistable receives 
clock pulses and becomes a binary 
scaler, 

When the lrequency rises further, 
the clock will ne longer reach the 
bistable. The last auained posinon is 
then stored, 

With values as specified in the 
chagram, the signals that are trans- 
ferred lie in the frequency range 
795-935 H when P, is fully anti- 
clockwise and 830 930 Hz when P) 
is Lully clockwise. 

The filter draws a current of 
<i ma. 


Samper — 37431] 


This circuit allows a PC ora suitably 
pragrummed microcontroller system 
te control a stepper motor Rather 
than relying on the latest in deeti- 
cuted jneter coutreller ICs, this 
imertace is based on ordinary CMOS 
logic, diserete transistors and one 
UILN power driver IC, Vhe interface 
is designee with extension in mine, 
hecause & doughterhoard may be 
added ta ventral a second stepper 
motor, Programmers wall like the 
acvempartying Pascal program as 
starting, point dor lurther experi- 
ments. Phe program allows the inter- 
lace ta be driven hy the PC's parallel 
port Alternatively, you may use a 
microconmraller’s serial part to can- 


trol che interlace, The 2-te-3 wire 


suitable for the yob. 

Printer port data lines D1, D2 anc 
D3 are connected to the strobe, data 
and clock inputs, respectively, of pin- 
heacler K2, which also receives a 3-V’ 
supply voltage for the logic circuits, 
and 12 ¥ for the motor drivers, 

The 4094 (ECL) is a CMOS 8-hit 
latching shift register with 3-state 
ourtpurs. Only five af the eight shift 
register outputs are used here, the 
remaining ones are available for 
extension experiments. The motor 
driver transistor pairs, T2-T9, are 
controlled! by shit register eutputs 
5-O8 via LLN2803 bulfers‘invert- 
ers which help to convert from 3 V 
to 12 ¥ logic. 

Resistor RL acts as a current limiter 


interdacy converter described else- 


irel. 974113) is 


when the stepper motor is nor active 


where in this issue When control signals are generated, 


program stepper motor; 


"const portAddr=$3BC; 
: i motors=2 ; 


‘yar counter, a: integer; 


“procedure Low; 
{Load. one LOW bit in shift register} 


begin” 
‘ oo) port[portaddr]:=$4; 
pertfportAddr]:=$0; { 


{ [0100]b } 
[O000]}b } 


mej 


“procedure High; 
{LOad one: HIGH bit in shift register} 


“begin 


port{portAddr]:=$2; { [0010)b } 
port{portAddr]:+=$6; { [0110]b } 
peti poetbdde} nfo) { [0000]b } 


abies Strobe; 
‘reate STROBE signal for shift registers 
_datch contents of shift reg. to output} 


port {portAddr]:=$1; 


iH { [0001]b } 
‘port {portAddr] :=$0; 


{ [O0000]b } 
lure: Tnit; 
akes all outputs of shift register(s) LOW} 


‘port[portAddr]:=$0; { [0000]b } 
for: counter i= 1 to (8*motors) do Low; 


gh; Low; Low; Low; High; Low; Low; Low; 


re Step2; 
pattern for Step2 [0010 1000]b } 
Low; High; Low; High; Low; Low; Low; 


‘a seeps; 
At rn for Step3 [0100 1000]b 


~ 


igh; Low; Low; High; Low; Low; Low; 
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procedure Step4; 
{Load pattern for Step4 [0001 1000}b- te 
begin 


Low; Low; Low; High; High; Low; Low 
end; hei 


procedure Step2Res; 
{Load pattern for Step2 with R3 im: series 
[0010 0000]b } ile 
begin 5 ue 
Low; Low; High; Low; Low} Liem) Low; Lov 
end; atti titeett 


procedure Step4Res; ; 

{Load pattern for Step4 with na in serie 
[0001 0000]b } { 

begin ue 

Low; Low; Low; High; Low; Low; Lats 


end; 
begin 
{User defined} 
Clrser; 
Init; 
for a:= 1 to 50 do 
begin 
{Example causes one (slow): ‘turn. 
motors in opposite direction, 
mot_2; mot_l; strobel+2; Delay 
Stepl; Step4; Strobe; delay(10) 
Step2; Step3; Strobe; delay(10 
Step3; Step2; Strobe; delay 
Step4; Stepl; Strobe; del; 
end; es 
delay(1000) ; 
for a:= 1 to 50 do 
begin 
{Example causes one (Eanes: urn 
of both motors in opposi' 
mot_2; mot1; strobel+2 
seth denteniententenient dehabedanaseniaah ikadekersics: 
| | ! 
Vv Vv 
Step4; Stepl; sheskal “delay 
Step3; Step2; Strobe; delay 
Step2; Step3; 
Stepi; Step4; 
end; 
Step2Res;Step2Res; 
Step4Res ;Step4Res; 
Strobe; 
end. 
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RI? 74 R18 Riga 
K)| | GB ie] rie] 
BD139 BD139 
ni [oood 
RI is virtually short-circuited by T1. puts, and the power transistors are Stacking the boards and the jumper 


The program as printed here is based 
om the assumption that we interface 
hoards are used to drive ower motars 
{you use only ane motor the lirst 8 
of 16 bits transmitted to the interlace 
will be lost {see below) unless you 
nuke appropriate changes to the 
seltware (hasivally, you 


Mave CO 


remove all relerences ta mot_2, and 


change 


he constant ‘motors= 2° to 
‘motors= 1). Loodl tor programmers! 
The program works basically as fol- 
TP arrives at the 
D (datad inpur of 11. When the 
clock input is pulled fagh, the rising 
pulse cdlve causes the “Tat the dara 
input to be reac inte the shift reges 
ter In this way, the shilt register is 
filled with & bits ones andor 
zeroes}. Next, the strobe line (Cen- 
tronivs data line D1) is pulled high 
so that the shilt register contents are 
copied and latched by the 1C out 


lows. Let's assume a 


COMPONENTS LIST 


Resistors: 

Ri = 125 watt 
R2-R9,R14,R17-R20 = 1kQ28 
R10-R13,R15 = 3kQ3 

R16 = 180k¢2 


Capacitors: 
C1,C2 = 100nF 


Semiconductors: 
T1,72,74,16,17 = BD140 
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driven acvordingly, 

The printed circuit board layout 
indicates thar Kd y pin- 
header block (2 rews af 3 pins} ol 
which pin | is removed. This done 
to make sure the stepper motor con- 
nectar can not be connected the 
wrong way around, 

A doughterboard may be added lor 
the control of a second stepper 
motor, This is achieved by assem- 
bling the two beards in a stacked 
Csundwich’) construction and inter- 
connecting their pinheaders K3. On 
the master board (i.e., the one con: 
nected to the PC), lit JPL in posi- 
tion 2-3. On the doughterboard, lit 
JPL in position 1-2. This links the 
data pin of K3 te the daca input of 
[1 on the doughterboard, By the 
way, position ] of rhe jumper block 
is marked by the bevelled edge as 
shown on the compenent overlay. 


is a 


13,15,78,79 = BD139 

T10 = BC547 

IC1 = 4094 

IC2 = ULN2803A (Sprague) 


Miscellaneous: 

K1 = 6-way pinheader (2x3 pins) 
angled (see text) 

K2 = 6-way pinheader (2x3 pins) 
angled 

K3. = 6-way pinheader (1x6 pins) 

JP1 = 3-way pinheader with 
jumper 
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rangement allow a 16-bit control 
word (supplied by a suitably medi- 
fied program) to be split up into two 
words intended lor the motors dri- 
ven by the main board and the 
doughterboard. The first 8 bits 
always go to the dowghterbaard, 

Uniortunately, the printed circuit board 


Ane FD 
ow 
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shown here is not available wach-macde 
through our Readers Services 

Although only very small currents 
will be required. the 9-4 supply far 
IC] has to be regulated. Nor se for 
the t2-¥ supphy which may be 
unregulated but capable of furnishing, 
all current required! 


by the stepper 


motaris), 


L Fe ryers 


L-LpOr6 
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It is quite common in certain areas 
that from time to time a flight of star- 
lings Comes down into a tree. Same- 
umes there are $0 Many that the tree 
bends under their weight. And, of 
course, the amount of droppings 
below the ree does not do your sar- 
den (or your car} much pood. The 
scarecrow’ tells these birds in an envi- 
ronment-friendly as well as. bird- 


friendly way to go elsewhere. 

An oscillator, 1), generates pulse 
trains whose width, repetition rate 
and pattern are variable. Its pulse- 
shaped output signal is used to drive 
a piezo buzzer via a darlington tran- 
sistor, T,. Power is derived from a 
variable current source based on T>. 
The buzzer can create sound pres- 
sures of up to LOO dB - enough to 
drive away even the most determined 
starling. 

Up to 256 bit pattems may be 
set with 5; to make sure that the 
birds do not get used to one particu- 
lar sound. 

The oseillator frequency is ceter- 


The 20-bit ADC in the December 
1996 issue of this magazine was fit- 
ted with symmetrical inputs (as is 
usual ina prolessional appliance), 
However in view of non-professional 
readers, the unit was also able to 
process asymmetrical signals. The 
unit may be extended with normal 
audio sockets to make working with 
asymmetrical signals a little easier. 
How this may be dane is shown in 
the diagram, 

In fact, all that is necessary to 
make the input stage accept asymn- 
metrical signals is linking pin 3 of the 
ALR buses to earth, whereupon this 
pin can be used as the earth for 
audio sockets. In the proposed cir- 
cuit, this is done with the aid of 
relays Res and Re3. By using further 
relays, Re, and Rey, for linking and 
passing the signal as relevant. a single 
switch (S,) suffices to change over 
from SLR buses K)-Ky to audio 
sackets Ky and Ky. 

Transistors T, and T) have a dual 
function: (a) they provide level 
matching between the digital circuit 


mined by Ry-Rj-C,-P) and may be 

set with P; to a pulse repetition fre- 

quency (p.rf) of 0.5-5 Hz. 
Transistor T is on as soon as Q3 


rg 
call 


ASYM K2 


and these of outputs Q;-Q) 3 whose 
switch is closed are high. 

The current drawn by the circuit 
is primarily that of the buzzer which 


B10 


1N4001 


1N4001 


8x 1N4148 


-to-audio-socket switch 


8 
O c3 
i ace 
Ri 


E C1 
n 100n 


1N4148/ Bc te 
547B = 
47 
63V 
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is <150 mA, It is, therefore, advis- 
able to use a (simple) mains adaptor 
as the power source. 

[Bonekanip - 97a090] 


12V 


AS-300 
Monacor 
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in the ADC (5 ¥) and the relay cir- 
cuit (12 V); (b) they provide a 
switch-on delay whereby after the 
power is switched on, or alter a reset 
($9). the inputs are briefly linked to 
earth via Re; and Rey. This makes it 
possible for the input stage to be 
included in the offset calibration of 
the ADC. 

When the reset switch ($4) on the 


The converter is intended primarily 
for use with the sample rate con- 
verter published in the October 1996 
issue of this magazine. 

The conversion of a symmetrical 
signal to an asymmetrical one 
requires no more than a small trans- 
former Amplification is not required 
since the ALS/LBL! signal is strong 
enough to generate the ‘PDF signal 
(500 mV), inta 75 Q), However, the 
quality of the conversion depends 


* see text 


Active filters are invariably designed 
with a unity-gain buffer, In fact, this 
has become such a habit that one is 
inclined to think chat it is obligatory, 
which of course it is not, An active 
lilter can easily be designed with an 
amplifier without making it less accu- 
rate, This has real benefits for in 
many cases it means that an entire 
stage may be omitted from the rele- 
vant amplifier, 

It is a fact, however, that the 
degree of amplification has a direct 
ellect on the filter characteristic. This 
means that the values of the filter 
components must be in accord with 
the amplification factor 
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ADC is operated, C, is discharged 
rapidly via Ry and D;. Network Ry-C5 
then ensures that the relays remain 
reset for ahour four seconds. This net- 
work has been made high-impedance 
on purpose, since it must not affect 
the reset network of the ADC itself (in 
dashed box). Capacitor C, provides 
further decoupling of any interlerence 
pulses. Diodes D5 and Dy are free- 


|-to-S/PD 


entirely on that of the DIY tans- 
former. 

The simplicity of the circuit 
means that the tums ratio depends 
on the level of the symmetrical input 
voltage. This is the reason that the 
diagram shows two versions. Version 
A is suitable for inputs of 3.6 Ving 
and Version B for inputs of 3 Vi. 

The transformer is wound on a 
Type G2-3/FT12 core, The primary 
as well as the secondary are wound 


S/PDIF 
Re K2 

: > 
i] 
i] 
i] 
i] 
| 
1 
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see text 


wheeling devices. 

The signal earth must be isolated 
from the relay earth, 

It has been assumed that the relays 
are powered by a separate 12 V line. 
The L2 V line for the analogue input 
stage of the ADC must not be used. 
however, because this cannot provide 
the requisite current of some 80 mA. 

It is inherent in the circuit that 


from enamelled copper wire of 
0.5 mm dia. The tansformer for Ver- 
sion A needs a primary winding ol 
18 turns and a secondary of 5 cams. 
That lor Version B requires a primary 
of 20 turns and a secondary of 4 
turns, 

The secondary impedance is 
transformed to the primary winding. 
Assuming that the system has a car- 
rectly terminated ourput of 75 Q, the 
primary winding needs to be 


B 


* see text 


974033 - 11 


7-8/97 


the asymmetrical signals applied to 
K, and K; are passed on to pins 2 of 
kj, and K., and that pins 3 of these 
buses are short-circuited, when $, is 
closed. This means that only one 
stereo source can be connected at 
any one time. 
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F converter 


shunted by a resistor, Ry, of 124.0 
(Version A} or 118 Q (Version B) ta 
give an input impedance of 110 Q. 
This arrangement ensures a correct 
input impedance over a wide range 
of input lrequencies. Only at 60 kHz 
(Version A) or 30 kHz (Version B) 
does the impedance drop by about 
20%. 


The bandwidth of the converter 
is > 20 MHz, 
$4980 


Grasberls, 


Trt 3] } 


* 


974080 - 11b 


Table 1. RY = R2 = RI = 10.0 kQ; f9 p= 1 kHz. 


Table 2. f-3 ag = 1 kHz. 


Afurther slight, drawback is that 
as the amplification increases, the 
properties of the op amp used will 
have a greater effect on the signal 
transfer, Designers therelore use a 
high-speed op amp if the amplifica- 
tion is greater than, say, X3. Since, 
however, the effect of the op arnp at 
frequencies below | kHz is not great 
anyway, in most cases the op amp 
specified (T1081) will give excellent 
service, 


The amplification of the op amp 
in the present is @ = 
1+R;/Ry. The table in the diagram 
gives values for R, and Rs lora num- 
ber of amplitication factors. 

To make the arithmetic a litde 
easier, the tables in the text give the 
values of the frequency-determining 
components for a 3rd order Butter- 
worth filter with a cut-off frequency 
af | kHz for the same amplification 
factors as in the table in the diagram. 


circuit 


Amplification Amplification | C1 (nF) | R1(kQ) | C2 (nF) | R2(KQ) | C3 (nF) | RB (KO) 
x1 (0 0B) x1 (0 dB) 22 | 99800 | 56 | 10.2670 
x 1.7763 (5 dB) «1.7783 (5 dB) 27 | 93281 | 15 | 106770 | 70 
x2 (6.08) x2 (6 0B) 27 | 101810 | 15 | 9.5328 8.5469 
x3.1692 (1008) | 30.1370 | 9.43930 | 14.1720 3.1632 (1008) | 33 | 8.9814 10 | 9.4475 9.5983 
x5 (14 dB) 33.5670 | 6.82040 | 17.6090 | x5 (14 0B) 33 | 9.9922 | 68 | 10.2730 9.7229 
x10 (20 dB) | 39.8850 | 4.33420 | 23.3210 | x 10 (20 0B) 39 | 8.8965 12.0950 11.1970 


Table 1 is based on the assump- 
tion that Ry =R;=R; = 10.0 kQ, 
which results in awkward values of 


()-C, that will have to be resalved 
by series and parallel connecting of 
1% capacitors. 

Table 2 is based on standard val- 
ues for C}-C3, which results in non- 
standard values for R)-R3, which are, 
however, fairly close to E96 values, 

The filter in the diagram is a low- 
pass section, which may be con- 


AVM with auxiliary start 


Most constructors will have no ques- 
tions when they have a first look at 
the diagram. And, indeed, the see- 
tion based on IC), and ICyq is a 
fairly standard astable multivibrator 
(AVM). 

However, the special aspect of 
the design is the addition of feedback 
network [C.-C] ,-D,. This unusual 
circuit ensures that the AVM always 
starts from the same position when 
the power is switched on. This is, of 
course, very useful in a number al 
timer and counter applications. 

The leedback network also fune- 
tions as the start-up circuit, Lf it were 
remaved, nothing would happen on 


car alarm 


Every day a large number of private 
cars get stolen or broken into, One of 
the available deterrents against car 
thieves is a loud car alarm and that is 
why most new cars are now sald 
with one fitted as standard. Hf your 
ear does nat already have one, the 
alarm proposed here may interest 
you. 

It is a simple yet effective alarm. 
lis based on the fact that when a car 
is broken into, at least one of the 
front doors has to be opened. When 
that happens, the intenar light 


A386 


comes on and this causes a slight 
temporary drop in the battery valt- 
age. The present circuit detects such 
a drop and when it does so sounds 
an alarm. 
The circuit consists of a number 
of distinct sections as shown in the 
diagram, When S$, is closed, a trig- 
ger pulse, delayed by C3, is applied 
to pin 4 of [C),. When this device 
has been triggered, its Q ourput goes 
high whereupon Ds lights. 
Monostable multivibrators 
(MMVs) IC3, and 14, are reset by 


the low level at the Q output of 
IC),.When the mono time of the 
MMVs, which can be set with P3, 
has elapsed, the alarm is on. It fol- 
lows that the driver (and his passen- 
gers) must have left the car and 
closed all doors before this happens. 

The voltage drop detector is 
based on comparator IC), This 
op arp compares the voltages at its 
two inputs. That at pin 2 is a refer- 
ence potential whose level is set with 
P;. When the battery voltage applied 
to pin 3. drops, the output of IC; 
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verted to a high-pass section by inter- 
changing C,. C3 and Ry -Ry Gwhich 
means, of course, that the values of 
the components will have ta be recal- 
culated}. The ratios af the compo- 
nent values indicated in the tables 
will remain the same. 

The filter draws a current of only 
a few milliamperes. 
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1C1 = 74HCO0 
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power-up and both outputs would 
remain high. 

With component values as speci- 
fied in the diagram, the AVM is 
arranged for a frequency of 9 kHz. 

The circuit draws a current not 
exceeding Q.15 mA. 

{Borakinip - 9Fa(led] 


becomes low, which triggers IC3,. 
The level at which the trigger pulse is 
generated depends, of course, on the 
setting af P). 

To enable the driver of the vehicle 
a gain access without setting off the 
alarm, there is a delay on opening 
one of the front doars. This delay is 
provided by the circuit around IC3,. 
A wailing edge on pin 5 of iC}, 
esults in a high level at the Q output 
and a low level at the O ourput of 
his device, A yellow |.ED (Dg) then 
ights, The time needed to tum off $ 
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(and thus disable the alarm) is set 
with P, 

If the alarm is not disabled within 
the preset time, a trailing edge at pin 


LL of IC y, will cause the alarm to be 
sounded for 60 seconds (legally the 
maximum permissible time). During 
this period, the starter circuit is dis- 


hygrometer 


A hygrometer is a device for measur- 
ing, or giving an output signal pro- 
portional to, ambient humidity: It is 
therefore, very suitable for switching 
on a ventilator or dehumidilier in 
spaces such as a bathroom or 
kitchen where the humidity at cer- 
tain times can reach uncomlortable 
or unacceptable levels 

Normally. hygrometers use a 
hygristor as sensor, but the present 
circuit uses a capacitor whose capac- 
itance is dependent on the degree of 
humidity: 

With values as specified in the 
cliagram, the frequency of the output 
signal of oscillator 1C5 varies from 
30 kHz in dry conditions to 25 kHz 
when the ambient humidity is 100%. 

The output of the oscillator is 
applied to retriggerable manostable 
multivibratar (MMV) IC). whose Q 
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iC1 = 4098 
IC3 = 4098 


(+) 12V 


BZT03C15 


abled, so that the engine cannot be 
started. Alter the alarm has ceased 
sounding, the alarm is on again. 

A visual indication of the state of 
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{ = 2mAS (STANDBY) 
{ = 51mA5 (ALARM excl. SIREN) 
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the alarm as shown may he added 
When S$, is closed, IC), starts to 
oscillate and a red LED (D+) begins 


ta flash, |Meers - 974084) 
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output remains high as long as the 
oscillator frequency is high. 

When the humidity rises, the 
oscillator [requeney drops and short 
pulses appear ar the QO ourpur of 
IC), These tigger MMV IC),. 


whose output then goes high, where- 
upon the electro-optical relay vrips 


Resistor Ry provides some hystere 
to prevent celay clatter. 

The humidity at which the relay 
should trip is set with P,. The 


ets 
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This magazine assumes that most 
readers use consumer appliances. 
However, in the case of the sample 
rate converter (Octoher 1996), many 
readers have asked lor a conversion 
from the asymmetrical SYPDIF format 
te the symmetrical (prolessional} 
AES! EBU format and such a con- 
verter is presented here, 

The timing and levels comply 
with the AES3-1992 Standard. This 
means that; (ab the ourpur voltage 
must he 2-7 Vig) (transmitter load 


The cireuit shown in the diagram 
may prove useful when a 78xx volt- 
age regulator needs to be replaced by 
a better quality type for which there 
is not enough space. [t may also 
prove uselul when a slightly different 
voltage is required, 

The replacement circuit is based 
on a lype LM317 regulator from 
National Semiconductor, The IC and 
the three requisite external compo- 
nents are fitted on a tiny PCB whose 
terminals coincide with those of the 
terminals of a 78xx device, In other 
words, the board fits exactly where 
the 78xx used to be — it is, however, 
slizhtly higher 

The LM317 offers three advan- 
tages over a 7B8xx: (a) the ripple sup- 
pression is better, (b) the input volt- 
age range is larger; (c) the output 
voltage can be arranged at any 
desired value with the aid of two 
standard resistors. 

The resistors are calculated by 


U, = Ugy (Ll + Ry/R)). 


In case of the LM317, Uy, is 1.25 ¥ 
The values of Re and R; must be 
such that the output current does 
not drop below 3.5 mA. With values 
as speciied in the diagram, the out- 
put voltage is 15.3 V and the quies- 
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LOO Q): (b) the rise and decay tirnes 
must be 5-30 ns; {c) the output 
impedance must be 110. Q +20% 
(within the = bandwidth — af 
O.1-6 MHz), These requirements are 
met in the design in the diagram 
{30 ns; 3.6 Vip 115 Q respectively). 

The circuit at the input, based on 
IC). converts the S¥PDIF signal to 
HC levels. Op amp IC), is an ana- 
logue amplilier, while IC), raises the 
signal to the level of the supply lines. 
Resistor Ry pulls IC), slightly from its 
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desired hysteresis is set with P3. 

The mono time of IC), is set to 
30 ms, which is more than ample to 
switch on Tj. 

The electro-optical relay is a lype 
$201802 from Sharp, which can 


Parts list: 


Resistors (U, = 15.3 V): 
Ry = 270 Q 
Ro = 3.0 kQ 


Capacitors 
6, = 10 uF 63V 


Integrated circuits: 
IC, = LM317 
(or LM350 - see text) 


cent current is 4.6 mA. 

The LM317 can provide output 
currents of up to 1.5 A. Ifa larger 
current is required, the pin-compati- 
ble Type LM350 may be used, which 
can provide currents of up to 3 A, 
Bear in mind, however, that the 
board is not designed for continuous 
currents ot 3 A, 

In either case, it may be neces- 
sary, depending on the dissipation, 
to mount the IC on a small heat 
sink. 

Although not shown in the dia- 
gram. the IC: needs decoupling 
capacitors of 2 100 nF at the input 
and | wF at the output. Since these 
are also required for the 78xx, it is 
assumed that these capacitors are 
already present. 

Giesherts - 74073) 


centre af operation, so that the our- 
put buffer attains a logic level even in 
the absence of an input signal. 

The bulfer to drive the output 
translormer is formed by a symmeui- 
cal circuit based on 1C5,-IC>,. This 
arrangement ensures that the rise 
and decay times are equal and that 
the output voltage is large enough. 
The use of XOR gates ensures that 
the transfer times for inverting and 
non-inverting of the ourpur of IC), 
are equal. Since the primary trans- 
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switch loads up to | A. 
The circuit draws a current of 
about 25 mA. 
iLucassen- SF40B5° 
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‘BU converter 


former voltage is 9.5 V the secondary 
voltage could be decreased slightly. 
This is beneticial for the linearity ol 
the impedance and the bandwidth of 
the converter. 

‘The transformer is wound on a 
‘lype G2-3/FT12 core: the primary 
on one side and the secondary on 
the other, Both windings consist of 
enamelled copper wire of 0.5 mm 
dia. The core can accommodate a 
tin-plate screen for maximum com- 
mon-mode suppression. Regulations 
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require this to be 2. 30-dB wrt, the 
nominal output level; in the present 
circuit it is —48 dB (wath screen), 


IC1f 


The output impedance, ignoring 
R, and Rs, is about 22 Q. Lf a ligure 
of exactly 110 Q is wanted, Ry and 


AF input module 


When it comes to input selection in 
a preamplifier, the use of a relay is 
always better than a simple rotary 
switch — at least from a quality point 
of view. A relay obviates long signal 
paths to a common switch and may 
be contralled electronically, In the 
module a bistable relay is used since 
a standard relay needs a continuous 
energizing current, It was felt that the 
slightly higher price of a bistable relay 
would be more than compensated 
by the high current requirement of 
the standard relay. 

The present module, which is 
intended primarily for use with the 
battery operated preamplier (Janu- 
ary 1997 issue), but may of course 
be used with other preamplifiers, 
serves one (sterea) input. This means 
that there are at least six of these 
modules required to replace the 
existing input selector in the battery 
operated preamplifier 

The drive to inputs RST and ON is 
best obtained from the ‘AF input selec- 
tion’ article elsewhere in this issue. 

The two relays ate energized by 
transistors T, and T>, These provide 
a pulse al a few milliseconds, since 
the base drive is effected via a dilfer- 
entiating network. Current only [lows 
through the relay coils when the 
charging current for C3 or Cy is sulli- 
cient to bring the base-emitter junc- 
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tion of the relevant transis- 
tor into conduction. 

Transistor T, is switched 
on when RST changes from 
high to low and T; when 
ON goes from low to high. 
Resistors R5 and R; ensure 
that when C3 ar C, is being 
discharged the maximum 
permissible reverse bias volt- 
age of the relevant transistor 
is not exceeded, and also 
that the switching pulse is 
well celined. 

Diodes D,; and Dy 
short-circuit. any voltage 
peaks caused by the relay 
inductances when T; ar Ta 
switch off and thus protect 
the transistors. 

Resistors R; and Rs at 
the inputs are terminating 
resistors, 

Networks R3-C) and 
Ry-Cy filter out any rf 
nose. 

Each of the relay contacts is corn- 
plemented with a jumper to earth. 
Use of these jumpers depends on the 
application, but even then only if 
the amplifier is a summing type. 
Non-selected inputs are then linked 
to earth and any crosstalk is sup- 
pressed effectively. Therefore, il the 
amplifier is a buller, as in the battery 
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1C1 = 74HCU04 
IC2 = 74HC86 


3x 100n 


"YO 


ICid 


* see text 
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R; should have a value of 44.2 Q. 
Capacitors C3-Cs prevent any 
direct current flowing through the 


Rel = V23042-B2203-B101 


operated preamplifier, the jumpers 
should be left open. 

Mind the correct polarity (shown 
on the relay) when connecting the 
relays. because incorrect polarity 
means that the relay action is 
reversed. The marking on some 
relays is by bullets and in others by 
plus signs. The bullets give the polar- 
ity for the same function (for 
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transformer in the absence of a signal 
as this would shart-cireuit IC), The 
use of three capacitors in parallel 
ensures that the impedance and loss 
resistance of them (ceramic, high-sta- 
bility types) are low. 

The AES/EBU signal is output via 
XLR connectors (to TFC268-12). 
Note that versions with male pins 
and female shells are used, Pin | is 
for the screen or the signal earth: 
pins 2 and 3 are for the signals — the 
phase is not important. 

The circuit requires a 5 V power 
supply from which a current af about 
26 ma is drawn. 

If the converter is used with the 
sample rate converter published in 
the October 1996 issue or the 20-bit 
analogue-to-digital converter in the 
December 1996 issue. do not forget 
to use the CS8402A in the profes- 
sional made, 

(Giesherls - 974081] 


instance, positive for the make con- 
tact), and the plus signs the polarity 
of the function of the relevant coil. 
There is, therefore, no difference in 
pinout (unction). 

The relays are 12 V types with 
720 Q coils, 
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eo amplifier 


This amplifier board is aimed at 
those of you who want to experi- 
ment with RGB video connections 
between a PC and VGA monitor 
Many up-market VGA monitors avail 
able today have separate RGB 
V/Hsyne inputs besides the perhaps 
more familiar 15-way high-density 
sub-D input for a single cable con- 
nection to the VGA card. 

This circuit makes use of the solution 
with the better quality: separate 
(coax! RGB connections, 

The two-transistor RGB (red, green, 
blue) ampliliers are identical, each 
containing adjustment points for the 
black (reference) level and the signal 
level. In the Red) amplifier, for exam- 
ple, the respective controls are pre- 
sets P8 and P7, 

Another, similar, amplifier, T8-[7, 
supplies a combined (G+CSYNC) 
signal. The CSYNC portion of this 
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signal is adjusted to inclividual 
requirements using preset P2, 

The RGB and (G+CSYNC) ampli- 
fiers have 75-Q output resistors to 
ensure a good match ta coax cable. 
Their drive capacity 1s such that rela- 
tively long coax cables may be used 
without running into bandwidth 


—BS&V 
for mobi 


At the heart of this power supply is 
the type 723 voltage regulator 
Despite its age, the 723 is still popu- 
lar among radio amateurs because it 
is reliable, widely available and tar 
cheaper than many of the latest high- 
power (> 1.5-Ai three-terminal volt- 
age regulators, even if you add the 
cost of twa or three 2N3055-like cur- 
rent booster transistors (which many 
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reduction problems, Do not go over 
3 metres, however. 


Jumpers JPL and JP2 enable the HS 


(horizontal syne) and VS (vertical 
sync} signals to be output in inverted 
or true farm as required by the mon- 
itor (RTFM). The 5 and HS signals 
are also combined by diodes D1 and 


D2 ta create a composite syne (CS) 
signal. This, too, is available in true 
and inverted form on sacket K5, the 
nolanty selection being made with 


umper JP3. The output impedance 
al the CSYNC output is 73 Q. The 
intensity al LED D3 indicates the 
bright 


wolarity of the VS. signal 


ver supply 


e rigs 


of you will be able to raise from 


junkbex}, The 723 comes in two 


flavours, a 14-pin DIL vase ora 10- 
lead metal can. The type number 
may also be disguised: basically, lock 
for LM723 or wA723. The pin num- 
bers shown here refer to the 1 4-pin 
DIL case. 

This supply is intended for home use 
of mobile ham radio transceivers. As 
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many of today's combined 2nv'7 
PM mobile rigs are capable of sup- 
plying more than 50 watts of RF 
power, a pretty heavy PSU 1s required 
if such a radio is not run oll a vehicle 
battery, The PSL! shown here has the 
answer because it is capable ol deliv- 
ening up to 12 A at 13.8¥ in the 
configuration shown here, 

The 723. IC]. is conventionally 
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COMPONENTS LIST 


Resistors: 
Ri,R2 = 1000 
R3-R6,B10,R11,R12,R15, 
R17,R19 = 1kQ 
R7,R8,R9,R13,R16,R18, 
R20 = 75Q 
P1,P4-P9 = 5k¢2 multiturn verti- 
Cal 
P2 = 250© multiturn vertical 
P10 = 50002 multiturn vertical 


Capacitors: 
€1,02,04,05,C7,08,C10,012 = 

1uF 25V radial 
C3,06,C9,011,014,C15 = 100nF 
C13 = 1000«F 16V radial 


Semiconductors: 
01,D2,D4-D7 = 1N4148 
D3 = LED 

D8-D11 = 1N4001 
71,73,T5,17 = BC560C 
72,74,16,T8 = 8C550C 
IC1 = 74AC04 

IC2 = 7805 


Miscellaneous: 

JP1-JP4 = 3-way jumper 

K1-K12 = cinch socket, PCB 
mount 

Printed circuit board, order code 
974042-1 (see Readers Services 


page) 


means negative VS. weak meus pos- 
itive VS, Jumper JP4, finally, selects 
between true or inverted CSYNC lor 
use in the (G+CS5YNC) adder, T7- 
T3 

The amplifier board has its own 
pewer supply consisting of four 
IN400 1's (DB-DLL. a smoothing 
capacitor (C13} and the customary 
voltage regulator U2). The board 
may be powered by a small 6-volt 
mains translormer 
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wired, driving, a power transistor 
array ancl monitoring the supply out- 
put current by measuring the voltage 
drop across series resistor Ry. The 
nominal supply ourcput voltage od 
13.8 Vis ser with preset PL. The raw 
input volrage of the supply is 
obtained trom a 22 to 25¥V 158 
uanslormer, a 235A bridge rectifier 


and a 10,000 gl smoothing capaci- 
tor 

The current booster consists of a 
BOOTY for BOVOSC) darlingion tran- 
sistor and three parallel connected 
2N3095's for 2N3773"s) with emit- 
ter current distrifuling resistors. Ry, 
Ry and R.. 

The current sense resistor for the 
short-circuit protection, Rec. has a 
value ol 0.035 Q which results in a 
protection onset level of about 
U6 V0,05=12 A. This resistor is 
cither made trom resistance wire or 


Flip-flops (US English) or bistables 
(British Enghsh) are well-known and 
widely used builcling blocks perform- 
ing control, register, memory and 
toggle functions in logie circuits. The 
most popular ones are probably the 
CMOS 4013 (dual D type), the 4027 
(dual |-K type), and the TTL 7474 
(dual-D type). The latter also comes 
in LS-TTL. HC and HCT versions. 
Although DP. |-K and 5-2 bistables 
have slightly dilferent truth tables, 
they all share u commen characteris- 
tie: they have two stable stares. 


Frequency 
‘Compensation 


fam two parallel-connected 
0.1 Q/'9 W resisters, 

A 12 Aor 16 A fuse is inserted in the 
positrve output rail as an additional 
protection against output short-cir- 
cuits. If the tuse blows, transistor TS 
briefly actuates an active buzzer andl 
atlashing LED. It can co so by drain- 
ing the charge built up in C9, 

The |5-volt overvoltage protection at 
the output of the supply is a se- 
called crowbar cireuit. If the supply is 
set to an output vollage other chan 
13.8 ¥ the zener diode, thyristor and 


te flip-flop 


The circuit shown here is intended 
for applications where four instead 
than just two lngic states are 
required, The 4028 CMOS BCD-10- 
decimal decoder at the heart of the 
cireuir has four binary inputs and ten 
decimal outputs. Any allowed BCD 
input combination (O00 through 
TOOL) will set the corresponding out- 
put to lagic “1°, ach of the remain- 
Ing six input combinations (1010 
through L111) resets all of the 
decoder ourputs to °C". In this appli 
cation, only combinations are used 


A932 


associated resistor have to be omit- 
ted, or disconnected by breaking the 
wire link indicated in the circuit dia- 
gram. Uf used, the thyristor should 
have a current rating of about 25 A. 
Ileve, a type 2N6506 is recom- 
mended. 

The darlington and power transistors 
have to mounted on a large hear- 
sink using insulating washers, The 
author uses a small 12-¥ fan to assist 
in the cooling af the heat-sink. This 
fan is readily powered by the supply: 
simply use two or three diodes in 


which contain one logic ‘1’ and three 
lagic ‘O's, that is, 0001, O10, 0100 
and 1000. These activate decoder 
outputs 1. 2, + and 8 respectively, to 
which a kind of feedback is applied 
by means of diodes D2-D5_ Assum- 
ing that decoder output ] is set to 
logic ‘L’, chen this state is translerred 
to input 2° (1) via diode D2, while 
the other three inputs remain at “0” 
because of resistors R2, R3 and R4. 
‘This state remains stable until one of 
the push-buttons is pressed. 52, for 
example, then sets a ‘1’ at the 2! (2) 
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see tex! 


13V8 
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series to drop the operating voltage 
ta about }2 V, 
As the choice of components used in 
the supply is far from critical, the cir- 
cuit is easily modified for smaller out- 
pur currents and/or dilterent cutput 
voltages. Using a L0-armp transformer 
and two 2N3773's, for example, is 
okay if you want an 8-A PSL. Simi 
larly, a 5-amp wanstormer and one 
power transistor are perfect fora 4+-A 
version af the PSU. 

ISPACTS - SS, Harisansar VL 34 SH} 


input of the decoder, which responds 
by resetting output] {as well as 
input 2°). and then activate out- 
put 2. This state is ‘latched’ by diode 
D3, which starts to conduct as soon 
as S2 is released, 
Components C1, R5 and DI pro- 
duce a short positive pulse at power- 
on, thus defining decoder state 1 as 
the initial state of the circuit. 
The inverters in 1€:2 act as current 
boasters to enable the decoder to 
control four LEDs which flag the 
state of the ‘fourstable’, Based an 
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standard CMOS circuits, the circuit 
may, in principle, be run olf any sup- 
ply voltage between 3 V and 18V 
However, the indicated value of R6 is 
for a 5-volt supply. With different 
supply voltages, the value should be 
recalculated from 


R6 = (U,-2 


where Tis the LED current in mA, 
while the value of R6 is in kilo- 
ohms. 

Although it is tempting to simplily 
the circuit by omitting the LED dri- 
ver and substituting LEDs for D2, 
D3, D4 and D5, you should be 
weary about making such a madifi- 
cation because the 4028 you are 
using may not be able to source the 
required current. The widely used 
HCF-type CMOS ICs from Thom- 
son, for example, can not supply 
more than about 2.6 mA (typ.) with- 
out degradation of the ourput voltage 
level, if the supply voltage is higher 
than 10 V, The solution is to apply 


The circuit described, in conjunction 
with a digital voltmeter (DVM), may 
be used to measure the total har- 
monic distortion (THD) of the mains 
supply voltage. A knowledge of this 
may be useful when the ellect of 
switch-mode supplies or dimmers on 
the mains supply is to be deter- 
mined, This is important, because 
the same mains supply is used to 
power, say, an audio system of which 
low distortion is expected. 

The 230V mains voltage is 
» divided symmetrically by 230 by 
R,-Rs. This means that the potential 
difference, pd, across R; is 1 V. The 
divider is symmetrical to prevent 
potentially dangerous voltages at the 
© output terminals. 
There follows a notch filter with a 
centre frequency of 50 Hz, Provided! 
the filter is set up properly, the mains 
i frequency is attenuated by 70 dB. 
This means that the only frequencies 
p that can appear at the output of the 
Aqeuit are harmonics of the mains 


Pin rms. measured by the DVM at 
output corresponds to 0.1% 
D, 

Calibrate the circuit as follows. 
WP), P; and P; to the centre of 
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high-efficiency Uow-current) LEDs, 
and lower the value of resistors R1 
through R4 to 4.7 kQ fora 10-V sup- 
ply, or about 10 kQ2 [or an 18 V sup- 
ply. Also, Cl should then be 


mains-THD meter 


their travel and, taking great care, 
apply the mains voltage to the input 
terminals. 

Adjust P; for the lowest possible 
reading on the DVM, Note the posi- 
tion of this preset and then set it 
exactly between this and the centre 
position, 


1c1 


10n 1% 
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2x 1N4148 


won ane Ons OO 


l=1ma7 5V 


* at Vpp = 5V 


2x 1N4148 


increased to 


than 10 ¥ 


(974055 -¥ Mitrovic; 


Next, adjust P for the lowest 
possible reading on the DVM. 

Then, alternately adjust P, and 
P; for a minimum reading on the 
DVM. 

When this has been established. 
adjust P) for the lowest possible 
reading on the DVM. 


$1 D1 


1N4148 


1C1 = TLOB2 


93 bk 


1u“E Remember, 
though, that these changes will only 
work if the supply voltage is higher 
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Since the circuit draws a current 
of only 3mA, power may be 
obtained from a 9-V alkaline or 
rechargeable battery, 

In the construction af the meter, 
make absolutely certain that all 
mains-carrying part are well insu- 


lated. iBenekamp 974064 
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supply board for output amplifiers 


Sw 974077 - 11 
Apart from their electronic configura- amplifier operating fromm a symmetti- The board can accommodate six — up to 10.000 pF and a rating of 50 V 
tion, all output amplifiers comprise cal power supply. electrolytic capacitors with a value of — They are assumed to have a pitch ol 


the same elements: an amplifier 
board. a mains transformer, a bndge 
rectilier, and ulectrolyuc smoothing 4S 

capacitors, The board is normally * 


screwed to the heat sink, while the 


Ble 


transformer and bridge rectifier are 


fixed to the bottam of the enclosure 
Often. there is no such defined loca- 
tian for the electrolytic capacitors 
These are mounted on a piece af 
prototyping board, or to the bettom 
of the enclosure with suitable brack- 
Ls, OF 


Since this is a recurring dilliculy, 


many consvuctors will be pleased 
with the board design shown here, 
Its layout is stich that it is suitable tor 


use with almost any rype ot OUTDLIE 


Parts list 


Resistors: 
Ry-Re = 0.15 2, 5 W 
Ry = 10 kQ 


Capacitors: 
C,-Cg = 10,000 yF 50 V, pitch 
10 mm, max. dia. 30 mm 


Semiconductors: 
D, = LED, high efficiency 


Miscellaneous: 
6 off single-pole PCB terminal 


block 
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10 mm and a maximum diameter of 
30 mm. 

The board also has space for ‘soft 
switch-on’ resisters with a value al 
0.15 Q and rated at 3 W These 


resistors damp the peaks in charging 
current and also aid in smoothing 
spurious current peaks on the sup- 
ply voltage. 

Finally, the board has an on/olf 


indicator in the shape of a high-effi- 


ciency LED and requisite series 


resistor. 
Connections to the board are via 
single-pole PCB terminal blocks, 


light-operated squeaker 


The Type [TSL230 IC is a program- 
mable light-to-[requency converter. It 
is a single-chip combination of a sili- 
con photodiode and @ current-to-tre- 
quency converter, housed in an 
8-pin DIL case. 

the LC provides a rectangular- 
signal frequency 
depends on the strength ol the inci- 
dent light. The sensitivity may be set 
in one of three ranges via pins 1 and 
2. The diviser of the ourput fre- 
quency may be set m ene ef four 
ranges via pins 7 and R—see lable. 

The IC needs an asymmetric 
power supply of only 2.7 ¥, 

Although the [C is’ primarily 
intended for use in measuring instru- 
ments. in the present circuit it is 
used as a light-dependent squeaker. 
All this needs is the addition of a 
small push-pull amplifier and a tiny 
loudspeaker. 

The amount of incident light 
determines the frequency emanated 


wave whose 


low- 


The Type HA7210 IC tram Harris 
Semiconductor 1s an integrated low- 
power crystal oscillator that can be 
programmed extemally to generate 
ourput frequencies between LO kHz 
and 10 MHz. 

The oscillator is a Pierce type that 
is arranged to draw as small a current 
as possible, Only a decoupling ecapac- 
itor, a erystal and frequency-deter- 
mining components are required 
externally 

The circuit is highly stable over a 
wide range of supply valtages and a 
wide temperature range 

The application shown in the dia- 
gram is a basic circuit suitable for fre- 
quencies between 10 kHz and 
10 MHz. The pasition of jumpers JP; 
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by the loudspeaker. So, if the inci- 
dent light is made to vary, the repro- 
duced sound varies. It is not known 
whether a melody can be generated! 

The sensitivity and divisor of the 
ourput frequency are set with quad 
DIP switch $3, If the four switches 
are called $3,~S)4 from top to bot- 
tom, the following functions are 
abtained, 


§ 2a AY 2b Sensitivity 
0 0 power down 
0 1 xt 

1 7) x10 

i } x00 

Ss 2c § 2d Divisor 

0 0 1 

0 1 2 

i 0 10 

1 1 100 


As usual, a L represents an open 
switch and a0 a closed one 
Depending on the ambient light. 


which guarantee good contacts and 
can handle large currents. 


[Giesber's - $Fa077] 


OH S1 


Ri 


TSL230 


with = the 


some experimenting 
switches may (will) be necessary 
before the ourput frequency falls 
within the audible range 
Power-down is a kind af standby 


position in which the IC draws a cur- 


ver crystal oscillator 


HA7210 
IP 


100kHz — TMHz 
MHz ~ SMHz 
SMHz — 10MHz 
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rent of only 10 yA. In normal opera- 
tion, the current dees nat exceed 
10 mA. Power may therelore be 
obtained from wo AA alkaline bat- 
tenes, 


|Esnewany 974959 


and JP depends on the chosen crys- 
tal frequeney. In the table a° 1" indi- 
cates that the jumper is left open 
and a “O that the jumper must be 
placed. 

The erystal must be cut for paral- 
el resonance, [n the present applica- 
tion, the load capacitance is 7.5 pF 
for the bottom range and 2,5 pF for 
he other ranges. Uf this does not suf- 
ice for the relevant crystal, ceramic 
capacitors of twice the value of the 
specilied load capacitance must be 
placed berween pin 2 and earth and 
between pin 3 and earth 

The oscillator draws a current of 
0.5 mA in the bottom range and 
7 mA at 10 MHz, 


(Bone«amp) 


f’amaha DB50XG 


stand alone soundcard 


There are a number of daughter 
boards that can be added to Sound- 
Blaster (clone} cards to produce a 
much better sound than the internal 
FM chip. One of these is the Yamaha 
DB50XG sound card, which is rela- 
tively cheap and widely available. 
Those of you who would like to use 
this card but do not have a suitable 
sound card for the PC, the DB5OXG 
can be used as a stand-alone sound 
card with superb MIDI wavetable 
sound quality, simphy by adding some 
harchware and a suitable power supply 
as shown here, The additional hard- 
ware allows the DBSOXG to be driven 
by any MIDI source, whether com- 
puter or musical keyboard. 

the great thing ahout the DB5SOXG is 
that it offers vastly improved sound 
quality over OPL and similar 1’ 
thesi r 
soundcards to imitate MIDL wave 
samples. Thanks to the 18-bit DACs 
used on the DB5OXG, the board 
even surpasses soundcards that do 
have an internal MIDI wavetahle. 
The circuit diagram shows that 


which are used on low 


MIDI signals arrive via a standard 5- 
way DIN socker, J4¢. Next, an opro- 
isolatar, 11, converts the MIDI 
5 mA current loop into a TTL. com- 
patible signal which is fed to the 
MID] THRU connector, 3, via 
Schmitt tigger NAND gates 1C2a 
and 1C2b, lt is also fed to the 
MIDIIN terminal of the DBSOXG 
via 
socke 
rerurned by the DB50XG are taken 
from the same socket and fed to a 
small] on-board power amplifier, 
IC4. The sipnals are also available to 
active loudspeakers via cinch sock- 
ets K2 and K3, Presets Pl and P2 
are used to set the sound volume. 

Many soundeards not having a wave- 
blaster extension connecter supply a 
MIDI ourpur signal via the gameport 
connector. To avoid wasting money 


on (generally expensive} adapters 
alfered by the soundeard manufac- 
urer, the hast board discussed here 
has a direct input fora 15-way cable 
attached to the gamepart. I this 
input is used, $1 should be set to the 
‘GAME position. The combination 
R5-C1 provides a reset pulse lor the 
DBSONG at switch on. 

The power supply is totally cradi- 
ional, providing 12 V and + 5V 
Note that a 3.3-VA centre-tapped 9- 
0-9 volt transformer is used. 


4x 1N4001 


100n (7) \C2 = 74 HCTOO 
— 
= 
TRI 
k6 
FI 
60mMAT 


RIGHT OUT 


LEFT OUT 


MIDE IN 


Oz 


RESET 
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COMPONENTS LIST 


Resistors: 

R1 = 10kQ 

R2,R3,R4 = 2200 

R5 = 1kQ8 

R6,R7 = 1002 

R8 = 5kQ6 

R9,R11 = 68kQ 
R10,R12 = 33kQ 
P1,P2 = 10kQ preset H 


Capacitors: 

C1,04,C5 = 1000uF 40V radial 
62,03,C7,610 = 100nF 

C6 = 10uF 25V radial 

C8,C9 = 47uF 16V radial 

C11 = 100uF 16V radial 


Semiconductors: 

D1 = 1N4148 
D2,D3,D6,07 = 1N4001 
D4,D5 = zener 12V 

D8 = LED 

IC1 = CNY17-2 

\C2 = 74HCTOO 

C3 = 7805 

C4 = TDA7050 


Miscellaneous: 

K1,K2 = cinch socket, PCB 
mount 

K3 = 26-pin connector (DIY, 
$ee text) 

K4,K5 = 5-pin DIN socket, 
180°, PCB mount 

K6 = 2-way PCB terminal 
block, pitch 7.5mm 

K7 = 15-way sub-D plug, 
angled pins, PCB mount 

K8,K9 = 2-way PCB terminal 
block, pitch 5mm 

$1 = .3-way jumper or single- 
pole changeover switch 

TR1 = 2x9V 3VA3 
(Monacor/Monarch VTR3209) 

Fi = fuse 6OmAT with PCB 
holder 

Yamaha daughter board 
DB50XG 

PCB, order code 974100-1 (see 
Readers Services page) 


The printed circuit board shown 
here has exactly the same size as the 
DB50XG, As shown in the photo- 
graph. the nwo boards are secured in 
sandwich fashion using lour PCB 
spacers mounted in the corners. 


Although a 26-way pinheader or 


active Bessel filter 


A Bessel filter is typified by the corn- 
plete absence of any ringing, On the 
other hand, its frequency charactetis- 
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baxheader shape is incicated on the 
host board component overlay, 26 
pieces of solid, bare wire {carefully 
soldered, aligned and cut to length! 


will also fit directly in the DB50XG 


laster socket. 


Finally, tots of useful information on 


tic is less steep around the curoll 
point than that of a Butterworth sec- 
ton. 
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the DB3ONG is available an the Incer- 
net. fust to mention wo links: 
biipvwwwyamaha.co uk 
http./wwew.castrop-rauxcl, netsurt 
dehomepages‘michael han 

The official Yamaha site is good Lor 
background information en the XG 


The table in the cliazram gives six 
dilferent values for Ry and R5 result- 
ing in varying amplification factors 


O7 & 


CVO 


standard. The latter web site contains 
an FAQ list which js uselul lor any 
ane having a DBSOXG, ar consider 
ing the purchase of one, as it can 
rias much inlormaren on setting up 
with SoundBlaster cards 


Since the amplification has a direct 
influence on rhe filter response. the 


values of several frequency-letermin- 


ing camponents must be carelully 
calculated. As an aid to this, tables | 
and 2 sheww the values of Rj-Ry and 
C)-C3 for a cut-oll point of | kHz, 
Table | isccl on standard values 


for the resistors and Table 2 on thase 
for the capacitors. In practice, the lat- 


* See text 


dB R4 R5 


ter if Mare convenient since the a3 = i} 1 0 wae: | 
resistor values are clase to the stan- [oe del isi we te V7783 5 4k00 | 0.7783 x RA 
dard F-96 values. é : Shad (bcd 

7 >t 3.1623 10 1kOO | 2.1623 x R4 

The prototype used a Type ans ws! ats : 14° una aeiee 
TLU8] opamp. but if high amplifica- Ps — 10 20 1k00|9x Ra 
tion factors or high cut-off frequen- \* * ; aed 
cies are wartted, it is advisable to use ® o ¢ 
an ADB47, soe 

Che circuit draws a current of 15V 
only a tew milliamperes. Sane 

Giesberls - 3/4024) 

Amplification C1 (nF) C2 (nF) C3 (nF) Amplification . CA (nF) © RY (KQ) | C2 (nF) == -R2 (kQ) | C3 (nF) R3 
x1 00B} 15.7780 | 22.734 4.0546 x1 0aB) 15 10.5030 22 10.4810 39 | 10.2660 
x 1.7763 (608) | 191130 | 96020 7.9252 | | x1.7783(50B) | 18 10.8980 | 10 | 98479 | 82 | 9.2323 
x2 (6 dB) 197380 | 86605 | 85084 x2 (6 dB} 18 10.8860 82 | 10.8440 82 | 10.1800 
x3, 1632 (10 08) | 22.3110 6.1051 | 10.6780 x3.1632 (1008) | 22 9.7017 5.6 | 11.0810 10 10.9810 
x5 (14 0B) 25.1900 4.4843 | 12.8760 x5 (14 oB) 27 10.3280 4.7 8.5890 12 10.7670 
x 10 (20 dB} 30.2550 | 2.8955 16,6020 x 10 (20 0B) 33 8.4821 27 | 10.7750 15 11.9070 


instrumentation amplifier 


The broad-band instrumentation 
amplifier described may be used fora 
number of applications. It has sym- 
metrical inputs and a variable ampli- 
fication lacter, 

The design is based on two 
oapamps, of which IC; is the actual 
instrumeritation amplifier, Its amplifi- 
cation lactor is determined by Ry and 
is here 10, 

Op amp IC» is a programmable 
gain amplifier whose amplification is 
x1, X10, or X 100. The amplitica- 
tian depends on the level at pins Ag, 
and Ay. When both pins are 
strapped te earth, the amptilication is 
urtity, Wher Ay is linked to +15 ¥ 
and A, ta earth. the amplification is 
x10, When Ay is connected to 
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transistor matcher 


In symmetric preamplifiers and our 
put amplifiers, itis highly advisable, 
if not imperative. to use truly com- 
plementary transistors. This means 
that the base-emitter voltage and the 
current amplification of the p-n-p 
and n-p-n transistors must be equal 


or very nearly so. The absolute values 
of these parameters are not that 
important. 

The present circuit is intended 
compare these two parameters of a 
pair of uransistors in one operation, 

The collector current of the tran- 


. 98 


sistors to be paired, T, and Ty; 
respectively, 1s set accurately to | mA 
with the aid of current sources Ts 
and T.. Accuracy is vital and T; and 
1), are therefore thermally coupled to 
reference diodes D, and D5 respec- 
tively, The current through these 
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+15 V and Ag to earth, the amplifi- 
cation is X 100, 

The averall amplification may 
thus be ser to X10, X1Q0 or 
* LOOU. 

Building the amplitier is simple 
andl is best done on a piece of proto- 
typing board. A good earthed link 
between pins 5 of IC) and 3 of IC) is 
pivotal, 

Power requirements are +15 V at 
a current of LO mA. 

The bandwidth of the amplifier is 
250 kHz. 

The common-mode rejection 1s 
95 dB up to 1 kHz. 


|Eenceamo - 974063! 


LEDs is held stable by current souree 
Ts. It is imperative that the currents 
through 13 and Ty are not only sta- 
ble, but also equal, and this is 
achieved by Ry, Rg and P;. The pre- 
set is adjusted so that the potential 
across Re is equal to thar across Rg. 
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Cireuit IC) functions as an adder 
When the base-emitter voltages of T) 
and T, are equal, the output potential 
of IC, is equal to the base voltages of 
T, and 7, but inverted w.rt. them. 
This can be accomplished only if the 
amplification factors of the two tran- 
sistors are equal. So. in case of a truly 
complementary pair, moving-coil 
meter My will read 0 or very nearly so, 

Even if a pair looks truly comple- 
mentary, there is still a theoretical 
possibility that their base-emitter 
voltages are not equal, but that the 
difference is compensated by a diller- 
ence in h,,. Circuit IC) enables this 
to be verified. It butlers the voltage at 
the base terminals of T, and T> and 
these can be compared on the meter 
by brielly changing over switch S; 

Any unwanted output ollset may 
be obviated by linking the fixed ter- 
minals of a 25 kQ preset poten- 
iometer to pins | and 8 of [C; and 
its wiper to the +9 V line. Shortcir- 
cuit JP; temporarily and adjust the 
preset until the meter reads 0 V This 
procedure may alsa have to be car- 
ned out with IC, but in this case Ry 
should be short-circuited temporarily. 

Transistors T and T, are ther- 
mally coupled to the relevant diode 
mast conveniently if the the diodes 
are llat (rectangular) types. In that 
case, the component pairs are easily 
held firmly together with a cable tie. 

Ic is advisable to use sockets for 
T, and Ty; these need not be transis- 
tor sockets: IC sockets do nicely as 


well. Clamp the two transistors lirmly 
together with a clothes peg or a croc- 
odile clip and allow them a little time 


fast zener diode 


Standard zener diodes are often toa 
slow lor application in signal-limiting 
circuits. Ifa fast zener is nat available, 
the circuit in the diagram may help. 
‘The standard zener, Dj, is linked 
toa direct voltage of LO V via Rj, so 


The saver is intended to prevent a 
battery-operated instrument such as 
a multimeter without an alitomatic 
olf switch to be left on for days on 
end and so completely discharge the 
battery. 

‘The circuit described is inserted 
in the +ve supply line and breaks 
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that it conducts, Capacitors C; and 
Cy bufler and decouple the zener 
voltage. 

Diode Dy at the junction Rj-D, 
is a fast, standard type. If the poten- 
tial at the anode of this diode is 


ttery saver 


the +ve supply to the instrument 
alter this has not been used for about 
six minutes. 

Gates N, and N> form a mono- 
stable multivibrator (MMV). When 
the supply is switched on, capacitor 
C, arranges for the input of N, to be 
grounded, so that the output level is 
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to reach the same temperature, Bear 
in mind that temperature differences 
exert a great influence. 


higher than the zener voltage plus 
Up, C; and C3 will compensare the 
inertia of the zener. So, the arrange- 
ment simulates a fast zener diode. 
orekap - 974065) 


about equal to the supply voltage. 
‘The load is then energized, 

At the same time, the 9 V level at 
the output of N; is applied to the 
input al Ny, whereupon the output 
of this gate goes low. This was the 
initial state: nothing has changed. 
However, capacitor C, is gradually 


99 & 


The matcher is powered by two 
9 ¥ batteries. It draws a current ol 
about 7 mA. (Giesbers - 92403" 


Uz=6V p2 


1o0n | 100n 
5V6. 16 
300mWw 
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being discharged via R,, Because of 
the high value of this resistor, this a 
very slow process. Nevertheless, alter 
about six minutes the potential 
across C; will have dropped suffi- 
cient to cause a low level at the input 
of Nj. The output of this inverter 
changes state, so that the output of 


Na becomes low and this causes the 
supply to the load to he discontin- 
ued. 

Restarting is elected by pressing 
onvoll switch $-, So as to make the 
current to be switched as large as 
possible, the remaining gates in IC 
are linked in parallel with N>. Each 
gate can provide a current of about 
0.5 mA, so that the total ourput cur- 
rent is abour 2.5 mA, which is quite 
sullicient for most test instruments. If 
a larger output current is needect may 
add a FET (BUZ10) in series with 
Ny: this raises the current wa couple 
af amperes, In that case, make sure 
that the +ve terminal of the load is 
fixed and the ve line is switched. 

If the delay of 6 minutes is found 
tow long or toe short, it may be 
altered by changing the value of Ry 


empirically. ‘Baer - 974035] 


1N4148 


IC1 = 40106 


Reliable measurement of an electrical 
quantity is possible only if the circuit 
in which the measurement is cared 
eur is nat loaded by the measure- 
ment instrument. The higher the 
input impedance of the instrument, 
the closer an accurate measurement 
is approached, The prapased probe 
may be used to increase the input 
impedance ta about LO MQ, 

A field-effect transistor (FET) is 
used ta design a high-impedance 
voltage follawer In this circuit, Ry 
determines the input impedance. 
The resistor is shunted by a parasitic 
capacitance of 3 pr The output 
impedance deypends on T, and Ry: 


single-range 


This function generator is traditional 
in as lar as it consists of a comparator, 
an integrator and a triangle/sine wave 
shaper. However, a special variant af 
the comparator is employed to he 
able to cover the traditional frequency 
range of 20 Hz to 25 kHz in one go. 

At the heart of the circuit we find 
integrator [C3, an LF351, which uses 
integration network RLO-C4+. Uneen- 
venuonally, the +input of the inte- 
prator is not connected to ground, so 
that the output signal is not just 


$1 


BT1 
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determined by the instantaneous 
level of the rectangular input voltage 
(and, af course, the RC network), 
The main function of comparator 
IC1 is to control electronic switch 
1C2a. Using this switch and [C:2b, 
the integrator input {R10) is pulled 
between ground and a_ positive 
potential which is aclustable with the 
frequency control potentiometer, P2. 
‘This corresponds to a positive-only 
rectangular voltage. However, R11 
and R12 also hold the +input of [C3 


100 


at half the potential en the CMOS 
switches. The fact that the output 
signal of the differentiating integrator 
is determined by the voltages at both 
opamp inputs allows a single capaci- 
tor, C4, ta cover well aver three fre- 
quency decades without problems. 
Resistors R6 and R7 determine the 
extreme frequencies that may be set 
on the generator. 

Assuming that [C2b is closed, the 
linearly falling ramp voltage at the 
integrator output drops until the 


Elektor Electronics 


$1 
BuUzI0— IC 
+{ RL 
BT 
= 
| 9V 
= n 
: 
s 
BUZ10 


we 974035 - 11b 


with values as specified in the dia- 
gram, it is about 65 22. 

The potential at the secon pate 
(Uy 9.) is set with P, such that the 
dic. offset at the output is OV 

Unfortunately, a small price has 
to be paid for the simplicity of the 
circuit: since the overall amplification 
is ¥0.8, the value measured by the 
oscilloscope must be corrected as 
appropriate. 

The bandwidth ef the probe is 
2 15 Mliz. 

The probe draws a current of 
about 10 ma, 


[Bonexarrs F479] 


function generator 


zener voltage of D1 or D2 is reached. 
When one of the zeners starts to 
conduet, the comparator toggles and 
its output swings negative. Schottky 
diode D3 and resistor R9 then pre- 
vent a negative voltage at the contro 
inputs of (C2, which is only powered 
off the positive supply rail, 1C2b then 
opens, [C2a is clased via inverter 
IC2e, and the ramp voltage at the 
integrator OUCpUt starts to Mise unti 
the zener voltage is reached again. 
Next, the comparator toggles and the 


7-B/97 


Ris 


D4 DS D6 D7 08 
10x 1N4148 m8 
P4 
10k 
RI6 Ri4 
sx }-+—Lx_] 
A13 
[ik }+2 ; 
; ; 
9° 
aC 
At R2 
F 100n y & 
| | IC2 = 4066 
IC4 = NE5532 
1eY ta }- 974039 - 11 
COMPONENTS LIST P1 = 5kQ preset H C4 = 10uF 25V radial 1C1,1C3 = LF351 
P2 = 5kQ logarithmic potentiometer C5 = 47uF 35V radial IC2 = 4066 
Resistors: P3,P4 = 10k preset H C6-C9 = 100nF IC4 = NESS32 
R1,R2,R13,R14 = 1ko2 P5 =. 10kQ linear potentiometer -C10,C11 = 100uF 25V radial 
R3 = 2kQ2 Miscellaneous: 
R4,R9,R10 = 10kQ Capacitors: Semiconductors: Ki = BNC socket ; 
R5.= 33k02 C1 = InF2 (see text) 01,02 = 5V1 400mw S1 = rotary switch, 1 pole, 3 posi- 
Ms “ a C2 = 2nF2 D3 = BAT85 tions 
na C3 = F D4-D13 = 1N4148 (matched pairs 
RB = 100KS2 ese al 
R11,R12 = 47kQ2 
R15 = 5kQ6 : — 
R16 = 15kQ 4 é 974039-T 
R17 = 4k202 
R18 = 2kQ43 
R19 = BkQ8 
R20 = 2kQ7 
R21 = 680Q 


oscillation cycle starts again, creating 
diangular and a rectangular signal 
tthe output of T1C3 and IC1 respee- 
tively. Because the — triangle-to- 
sinewave Converter requires a virtu- 
ally constant drive signal, the refer- 
ence level created with the zener 
diodes can be tweaked with preset 
Pl. Capacitor Cl eliminates a small 
rise of the triangle signal at higher fre- 
quencies, depending on component 
tolerances and construction. 

The triangle-to-sinewave converter 
uses an NE5532 opamp and 
matched diode pairs. Details on its 
operation may be found in the April 
1995 issue of Hektor Electronics 

The values of resistors R35 and R15 


ensure roughly equal peak-to-peak Oo 

values of the generator output voltage peeueZs | 

at all three positions of waveform 

selector switch S1, The generator — age, about 20 V,p, 

output impedance is about 600 Q. The generator is powered by asym- perfect for the job if you use the — The only critical parts in the circuit 

the maximum (no-load) output volt- metrical. regulated, 15-volt supply. 7815/7915 voltage regulator pair are the high-frequency compensa- 
The General Purpose Power Supply = Current: consumption is about tien capacitor, C1, and the fre- 


a 


described in the April 1997 issue is 22 mA on each voltage rail, 
F iB 
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quency control por, P2. The opti 
mum value of CL may have ta be 
established empirically, while a 
good-quality logarithmic poten- 
tiometer has to be used for P2. If at 
all passible, go for a real gear and 
dial assembly, because the full fre- 
quency range is compressed into a 
span af 270 degrees. As regards the 
level control, P35, a logarithmic pat 
may be preferred over a linear one if 
you want to be able to set small out- 


put levels accurately. 

The generator is adjusted with the 
aid of a dual-beam oscilloscope and 
presets P1, P3 and P4 on the board. 
Initially, set P2 and P5 to mid-tavel, 
and connect one scope channel to 
the output of C3. Next, tum dawn 
the frequency with P2, and carefully 
adjust P3 for optimum symmetry of 
the triangular wave. Move the probe 
to the output of 1C4a, and set the 
generator to a frequency of about 


1 kHz. Adjust P1 and P4 for the best 
possible sinewave shape. Vor these 
adjustments, it is convenient to have 
the other scope channel display the 
triangular signal (at the same sensitiv- 
iry), and move the trace onto the 
sinewave. In this way, any asymmetry 
of the sinewave is easily detected and 
eliminated. 

Monitor the output of [C3 again, this 
time for stability of the ourput level 
across the full frequency range. If 


single-chip ac-de inverter 


The Type 1077 7APA IC is an inte- 
grated ac-de inverter that can handle 
inputs from 18V rms, ta 276V 
rms. It contains a switch-mode 
amplifier and a rectifier bridge. It is 
able to provide @ very compact, light 
and inexpensive pawer supply with a 
minimum of external components. 
The peak output current is 50 mA, 
The output voltage may be set at 
voltages up to +70 V with the aid of 
zener diode Dj. 

The inversion process depends 
on charging and discharging a capac- 
itor during each ac input cycle. At 
the start of the cycle capacitor Cy 1s 
linked to the internally rectified direct 
voltage via a switch and is then 


The circuit in the diagram converts a 
sinusoidal alternating voltage into a 
direct voltage equal to the mos. 
value of the input voltage. What 
makes the circuit special is that this 
conversion, that is, reculication, aver- 
aging and bullering, is ellected by 
only avo op amps, The usual circuits 
for this kind of conversion are pener- 
ally much more complex, 

Op amp IC, provides half-wave 
rectification of the apphed altemating 
voltage. The values of Ry and R; give 
urtity amplitcation, 

Op amp IC), amplilies the out 
put of IC), X2 and adds this to its 
input via Ry. This results in a poten- 
tial that is equal to the absolute value 
of the input voltage. This potential is 
amplified X 2,22, that is, the form 
factor times 2 (that is 2/22), ara 


charged to +70 ¥ (equivalent to the 
internal zener voltage) or to the zener 
valtage of D). After the positive half- 
cycle the swatch opens, whereupon 
C3 is discharged via the load during 
the subsequent negative hall-eyele. 
The process then repeats itself, so 
that Cy is charged during each posi- 
tive halbcycle. Charging does not 
start, however, until the input voltage 
is about | V higher than the patential 
across C3. 

The IC can handle input frequen- 
cies between 48 Hz and 200 Hz. The 
switching rate and thus the charge- 
discharge [requency is always wwvice 
the input frequency, 

Nate that the circuit is electrically 


connected with the mains supply, so 
that the supply as well as the circuit 
being supplied must be housed in a 
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necessary change the exact (equiva- 
lent} value of CL until the level is wir- 
tually constant. 
Finally, check the upper and lower 
frequency extremes, which should be 
a little over 25 kHz and a little under 
20 Hz respectively. Hf necessary, mod- 
ify R6 and/or R7. 
The printed circuit board shown here 
is unfortunately not available ready- 
made through the Readers Services. 
1974039 - F. Huebery 
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non-metallic enclosure. 


{An Alpha Microelectronics Aoolication - SF aQ26° 


delay time Rs-C, (= 2.22 s), 

Op amp IC}, also functions as a 
buffer for the whole circuit. 

Since the operation of this type of 
converter depends on the absence of 
any offset voltage, this is nullified by 
network Re-Rz-P). Setting is simple: 
apply a 1 kHz sinusoidal signal at a 
level of 50 mV tm.s. to the input of 
the converter and adjust P; until the 
output is a direct voltage of 50 mv; 
The input voltage may vary from 
50 mV to7¥ 
The input frequency may vary 
from 10 Hz to 10 kHz. 

Accuracy of conversion is better 
than 244. 

The circuit draws a current of 
about 3 mA, 
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AF input se 


Input selection in the battery oper- 
ated preamplifier published in the 
January 1997 issue of this magazine 
is by rotary switch, This does not 
give the best possible performance as 
far as crosstalk and channel separa- 
tion are concerned. This article pro- 
poses a better means, which also 
enables the number of input to be 
extended to 12. In this design, each 
input source is linked to the circuit 
via a bistable relay (described else- 
where in this issue), 

Use is made of a single-pole, 12 
position rotary switch, S;, with which 
and }2 pull-down resistors the input 
sauive is selected. Since only one resis- 
tor is linked to the positive supply line 
at any one time, the current drawn by 
the circuit is only 15 wA. which, in the 
case of a battery operated preamplifier, 
is an important advantage. 

The [2 outputs of S, are linked 
to parity checker IC. The output of 
this device is high only if an odd 
number of inputs is high. When S; is 
tumed, all inputs go low briefly and 
so the output of $3 also becomes low 
for an instant. The output of IC, then 
triggers monostable  multivibrator 
(MMV) 1C4,. Since this is retrigger- 
able, its ourput will be a single pulse 
even with contact hounce of S). As 
long as trigger pulses arrive during the 
period the output is active, the out- 
put pulse is stretched, ‘lo make 
absolutely sure, the time can be set 
with P) between 0.1 s and 1 s. 

The outputs of S; are also linked 

to D-type bistables IC) and JC), 
which ensure a stable change-over of 
the ourput levels. The bistables have 
the advantage that they can be reset. 
This facility is made use of by reset- 
ting all relays belore a change of 
input, so ensuring that only one 
input is linked to the circuit at any 
ane time. This arrangement provides 
a dead time between the releasing of 
one relay and the tripping of another. 
This dead time corresponds to the 
sum of the mono times of IC,, and 
ICs. MMV IC), serves to clock the 
inputs of all the D-ype bistable. 
Since this requires a pulse of only 
10 ys, the dead time is determined 
primarily by [C4,. 

The Q output of ICy, is used to 
reset the D-type bistables, but it also 
provides the reset pulse for all relavs 
together. Accordingly. the new data 
from S$, is accepted by the D-type 
bistables 10 js after the reset pulse. 
To enable the position of 5; to be 
assumed during the rise time of the 
supply lines, the bistables need an 
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additional pulse and this is provided 
by R5-C3. 

About 4 seconds atter the supply 
has been switched on, the 13th 
input of the parity checker changes 
state, which results in the ourput ol 
IC, changing from low to high and 
the triggering of 1C4,,. This means 
that all relays are reset alter switch- 
on, immediately followed by the 
enabling of the relevant input. This 
entire process must be completed 
belore the output of the preamplifier 
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becomes active. 

The circuit requires a power sup- 
ply of abour 15 The diagram 
shows how this may be derived from 
the +7.2 ¥ supply of the battery 
operated preamplifier. 

The ICs are protected against 
avervoltage by zener diode Dy. To 
ensure that the current through this 
diode is held within limits when the 
battery voltage is high, current source 
T, is provided in series with Dj. 

When the supply voltage is lower 


than 15 ¥ the drop across R, and Ty 
may be ignored, but when it is 
higher, the current is limited to about 
400 pA, 

The value of capacitor Cy is pur- 
posely large since this component 
provides the energy required for 
changing over the inputs, This 
becomes clearer on reading the ‘AF 
input module’ elsewhere in this issue. 

Finally, diode D) prevents Cy 
being discharged via T). 

(Giesberts - 974083] 
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adaptive windscreen 
wiper control 


Although a very uselul car acces- 
sory, the typical adjustable windd- 
screen wiper interval contral never 
seems fo ger ir nght; the delay 
between wiper activity is either too 
short or too long, and you seem ta 
be forever husy tweaking the inter 
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val contral pot to match the amount 


of rainfall, A more or less automatic 
adjustment to rainfall variation has 
an intuitive touch: measure the time 
berween two wiper actions per- 
formed by the driver, store this 
delay, and then use it to contral the 
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wipers automatically. This approach 
is also used in some of the latest 
Volkswagen (VW) models. 

The circuit shown here is based on 
common-orgarden CMOS logic 
wired to form a clock/counter config- 
uration. The unit is conuolled by a 
single push-button, $1, and an on/off 
switch, $2, The push-button acts as a 
start‘stop control which determines 
the length of the wiper interval. 
Regrettably, it will nat be possible in 
many cases to employ the wiper con- 
trol lever already fitted on the steer- 
ing column, and a suitable location 
will have to be found for the push- 
button on the dashboard. If you are 
lucky, however, the existing wiper 
control simply switches the 12-V 
supply to the wiper motor relay. In 
that case, the switched voltage may 
be taken to the ‘lower side’ of SI (see 
circuit diagram), and hey presto the 
circuit will work without the external 
push-button. 

Ar the heart of the circuit are two 
4094 counters, ICL and |C2. The 
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first counter sets the {variable} wiper 
delay, while the second operates in 
free-running mode. Both counters 
receive a |-second clock signal from 
Schmitt trigger oscillator 1C3b, which 
is not enabled until the bistable 
around [03d and 1C3¢ is in the set 
state. Because of 4-bit comparator 
1€5, the wiper relay, Rel, will only be 
actuated if the state (output value} of 
1C2 equals that of IC), 

The interval delay is the time elaps- 
ing between two actions on push- 
button $1. On the first action, IC1 
starts tO count, and continues 
counting until either $1 is pressed 
again, or IC] produces a carry-out 
pulse via inverter I1C3a. This hap- 
pens when the counter has cycled 
through all its possible states (16), 
Consequently, the Q ourput of IC+a 
drops low, causing 1C2 to start 
counting, and IC! to hold. D7 and 
RL1 prevent the wiper relay from 
being actuated during the interval 
adjustment period, because [C1 and 
C2 then briefly produce the same 
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output value, 1, which equals the 
preset value loaded by IC2. 

When the counters produce equal 
ouput states, the data input of D- 
bistable [C4b yoes high. At the next 
clock pulse, the Q output will 
change to high, causing 1C2 ta be 


It may happen that a video recording 
is a little tao dark sea that certain 
nuances disappear and the picture is 
no longer clear. The expander may 
rectify this to same extent by increas- 
ing the contrast in the dark passapes. 
Provided that the circuit is set up 
correctly, the nominal black and 
white levels are not aflected, 

The circuit has four calibration 
points, which make the use of an 
oscilloscope a must. It is, of course, 
important that the existing black and 
white levels are retained and that the 
synchronization remains fully func- 
tional, 

The circuit has a few drawbacks: 
(a) owing ta the added amplification, 
the level of the colour burst changes, 
which requires the saturation ta be 
readjusted; (b} the contrast in bright 
images diminishes; and (c) there is a 
risk that when the dark levels are 
amplified tao much noise becomes 
visible. 

The input signal at K, is decou- 
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preset with the value } again, and 
the relay driver, T1, to be switched 
on. This again clears the “1° at the 
input of IC4b, causing the PE (preset 
enable) signal to disappear and 1C2 
ta start counting again. 

The wiper motoris) may be con- 
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pled by C), C) and Ry and then 
amplified by IC). Diode Dj, in con- 
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trolled directly by Re], or indirectly 
using the existing relay fitted in the 
car. In the latter case, Re] may be a 
much lighter type than indicated in 
the components list. 

Regrettably, the printed circuit board 
shown here is not available ready- 
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junction with Ry and P, ensures that 
the earth level is used as reference for 
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COMPONENTS LIST 


Resistors: 
R1,R5,R6,R8-R11 = 10 kQ 
R2 = 68002 

R3 = 180kQ 

R4 = 100kQ 

R7 = 1kQ 


Capacitors: 

€1,€2,C3 = 100nF 

C4. = 22uF 25V radial 

C5 = 10uF 25V radial 

C6 = 1uF, pitch 5mm or 7.5mm 


Semiconductors: 
D1,D3-D7. = 1N4148 
D2.= red LED 

T1 = BC547 

(01,162 = 4029 
IC3.= 4093 

IC5 = 4063 


Miscellaneous: 

Ret. = relay, 12VDC coil, 
250VAC/8A contact, e.g. 
Siemens V23057-B2-A201 

Two spade terminals for car elec- 
trical connectors 

$1 = push-button, 1 make con- 
tact 

$2 = on/off switch 


made through our Reaclers Services, 
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the black level. The output level is 
set with P3. 

Diede Dy in senes with Py in the 
feedback loop of 1C),, holds the 
white level at L0U%. This ensures 
that small signal levels (dark levels) 
are amplified in accordance with the 
setting of Py, while larger signals are 
also allected hy the setting of P3. 

Diode Ds limits the level of the 
syne signals which, owing to the cho- 
sen amplilication, may become too 
high. 

Experimenters may replace Dy by: 
one or two lyvpe BAT83 diodes or a 
simple germanium diode, which, of 
course, changes the operating char- 
acteristic of the circuit 

Note that the signal input must 
give a level of 1 ¥,), actoss 75 Q - 
no more, no less. Remember that 
30% of the available space must be 
reserved for the syne signals, 

The circuit draws a current of 
+15 mA. 
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The tester is intended to determine 
the state of charge of a NiCd or 
NiMH battery precisely, Also, the 
counter module linked to it it 
enables the capacily to be reac. It is 
meant for a battery containing 12 
cells, which makes it suitable for use 
with the battery-operated preampli- 
fier published in the January/Febru- 
ary issues af this magazine. 

When the start knob is pressed, 
the battery on test is discharged at a 
predetermined current of, say, 
50 mA, At the same time, a pulse 
generator is enabled which produces 
a number of pulses per hour corre- 
sponding to the discharge current in 
mA (ie,, 50), When the battery has 
been discharged to about 75% of its 
nominal e.m.f, discharging is rermi- 
nated and the pulse generator is dis- 
abled. The number of pulses gener- 
ated during the discharge period is 
shawn on the clisplay of the counter. 
vw current source instrumental 
in the discharging of the battery is 
based on IC), and T), The op amp 


fr 125mA c4 (8) 
(SomA} — Ic1 
470u 
25 


corrects the drive to T) until the 
potential across R, corresponds with 
the reference voltage set with P}. The 
reference is provided by zener diode 
D, the current through which is held 
constant by |. The values specified 
in the diagram refer to a discharge 
current of 123 mA, The values given 
in brackets refer to a discharge cur- 
rent of 30 mA. Which is to be used 
depends on the capacity of the bat- 
tery: generally, a discharge current ol 
1/10 of the capacity of the battery 
dives best results, 

‘To determine whether the battery 
is discharged, its terminal voltage is 
compared with a second reference 
potential derived from the supply 
lines for the digital part of the circuit 
via Ryp-R,:-Py. Comparator IC), 
changes state when the battery volt- 
age drops below 11.25 V (set with 
P3). Thereupon T; comes on, so that 
the wiper of P| is linked to earth and 
the current source is disabled. The 
hysteresis provided by Re-Ry-D) pre- 
vents the comparator changing state 
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again when the battery voltage rises 
slightly owing to the ceasing of the 
discharge current. Pressing Sj resets 
the comparator to its original state. 

The digital section of the circuit 
consists of pulse — generator 
IC)-IC3-IC,-T5-[;, and a ready-made 
counter module (e.g. Voltcraft Type 
195630), The generator provides 50 
or 125 pulses per hour, depending 
on the level of the discharge current. 
In the first case, the oscillatar in IC; 
runs at 4.194304 MHz, which is 
brought dawn to 0.0139 Hz (or 50 
pulses per hour) by a three-stage 
divider. When the discharge current 
is 125 mA, the divisor of 1C3 is 
changed from 23 to 22, and the crys- 
tal frequency to 5.24288 MHz. 
These two alterations result in a rais- 
ing of the pulse rate by a factor 2.5 
(= 125). 

The counter madule at the out- 
put is powered by an AA battery. 
Counting is commenced when the 
counter module is short-circuited 
briefly ($ 100 ys) to the positive sup- 
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ply line. Capacitor Cy; ensures that 
the short-circuit pulses are af the cor 
rect width, while T; and T, arrange 
correct matching between the ourpur 
of the divider chain and the input of 
the counter module. 

The +ve terminal of the counter 
module is linked to the +5,1 V sup- 
ply to the pulse generator, so that T,, 
cames on for every output pulse, 
whereupon the counter increases by 
1. When the battery is fully dis- 
charged. so that T; begins to con- 
duct, the output of the pulse genera- 
tor is blocked because Ts is disabled 
via Dg. 

It a dillerent type of counter 
module than the one specified is 
used, it may be necessary to alter 
output stage 5-1, slightly, To what 
extent changes are necessary will be 
clear from the data of the module. 
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Programming Solutions 


SMART Communications offer the best range of low cost programmers for your every need. 
Unrivalled device support includes the latest MACH, pLSI, MAPL, PIC, WSI, Atmel, Xilinx and 
Intel parts. 


4 ALL-07 Universal Programmer 
Pin driver expansion can drive up to 256 pins. 
Supports over 2000 IC's — 3 and 5 volt devices. 
EPROMs, E?PROMs, Bipolars, Flash, Serial EPROMs 
up to 16 Mbits parts, over 150 Microcontrollers 
and PLDs, EPLDs, PEELs, PALs, GALs, FPGAs etc... 
Universal DIL (up to 48 pins), PLCC and gang PACs 
— significantly reduces the number of a apters required. 
Powerful full colour menu system. 
Connects to the pc printer port with its own power supply. 
Latest programming algorithms. 
Tests TTL, CMOS and SRAM devices 
— even identifies unknown parts. 
Approved by AMD, WSI, NS, TI, Atmel, Microchip etc... 


£595 


EMP-20 
Multi-Device 
Programmer 


EPROMs, E2PROMsS, Flash, 
Serial EPROMs to 16 Mbits. 


EPLDs, GALs, PEELs, PSDs, MACHSs. 
Intel, Microchip, Motorola 
and Zilog Microcontrollers. 


Fast programming algorithms. 


£325 


Erasers ) 
& pin 
convertors 


AT-701 — Chiprase 
Ultra-violet eraser. 
Very compact 
16 chip capacity 


Built in timer £95 


Pin convertors 
from DIL to 
PLCC, SOP. SOIC etc... 


from £50 


We also supply a wide range of development tools — Assemblers, Compilers, Simulators 
and Emulators — for a wide range of microprocessors, especially the Microchip range. 
Our ROM emulators start at just £99. 


*All prices shown are exclusive of VAT and carriage 


Unit 11, Stirling Industrial Centre * Stirling Way * Borenam Wood * 

Herts WD6 2BT ¢ England 

Telephone +44 (0)181 953 9292 
COMMUNICATIONS _ fax +44 (0)181 953 9299 


PB-10 Programmer 


Low cost programmer. 
EPROMs, E?7PROMs, Flash and 8748/8751. 
Fast programming algorithms. 
Simple but powerful menu driven software. 


£139 


“| 
SMART Communications have a full 
range of dedicated programmers for | 
the Microchip PIC range of 
microcontrollers — both single and 
gang for DIL and SOIC variants. 


